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THE  QUESTION  OF  THE  MECHANISM  OF  THE  REDL'CTION  OF  COMPLEX  IONS 


II.  Til.  INFLUENCE  OF  THE  SALTS  OF  NICKFI.  CO’^ALT  AND  CHROMIUM 
ON  THE  REACTION  OF  MUTUAL  DISPLACrMCT  OF  METALS 


Ya.  D.  Fridman  and  R.  Kh  riulatova 

Laboratory  of  Inorganic  Chemistry  of  the  Kirghiz  Branch  of  the  Academy  of  Sciences , USSR 


It  Is  known  that  the  rule  for  the  electrczictivf 
not  applicable  to  nickel,  cobalt,  and  iron,  as  these  r 
displaced  fren  solutions  of  their  chloride  and  sulfate 
pile  the  great  difference  in  oxidation-reduction 
the  chlorides  and  sulfates  of  these  metals  to  a  rensi: 
displacement  of  hydrogen  by  mecals,  in  particular,  by 
the  displacement  of  the  hydrogen  is  facilitated  to  tr^ 
displacement  reactions  are  suppressed.  Foi*  example,  Z 
observed  the  suppression  of  the  displacemenu  of  cadmi*. 
by  the  greater  tendency  to  displace  hydrogen  in  tne 
and  its  analogs. 

The  behavior  of  the  salts  of  nickel,  cobalt,  •'r 
tions  'involving  the  muuual  displacement  of  metals  has 
consideration,  in  which  the  majority  of  investigators 
behavior  of  these  metals  from  the  point  of  view  of  th^ 
and  hydrogen  overvoltage.  A  number  of  coworkers  of  rZr 
nickel  is  replaced  by  zinc  in  chloride  sblutions,  the 
displaced  at  once  forms  a  galvanic  couple  .with  the  zir 
of  hydrogen  takes  place  as  a  result  of  its-  act-’ on 
in  the  pH  of  the  solution  and  the  formation  of  nic’-'eZ 
the  surface  of  the  zinc  and  thus  prevent  the  ftit'.Jtir  ; 


:  force  series  of  metals  is 
letals  are  not  quantitatively 
i  salts  by  many  metals,  des- 
■-tlals.  On  the  other  hand, 
ierable  extent  catalyze  the 
ziri'-,  [i]  In  this  reaction, 
?  ex  ten  -,  that  other  metal- 
Zc'gcrishe/  and  Mir  kin  [2] 
rm  by  ^inc,  which  was  caused 
•escnce  of  salts  of  nickel 


on,  and  enromium  in  reac- 
be-en  the  subject  of  frequent 
y.ave  explained  the  peculiar 
oreory  of  local  couples 
e.men  [?]  believe  that  when 
metallic  nickel  which  is 
and  that  the  evolution 
.is  results  in  an  increase 
oxide  hydrates,  which  cover 
curse  of  the  reaction. 


A  m  rt,-  complicated  case,  the  suppression  by  sal 
I)laceae  nt  t.  1.  IuH  ium  by  zinc,  was  explained  by  Izgsris: 
their  opZ:.:  .  at  the  very  beginning  the  zinc  cispla'e 
nickel,  thu..  *’orming  the  galvanic  couple  nirkel-zlrc. 
age  on  the  .nickel  is  not  great,  and  the  normal  petenti 
tive  than  that  of  hydrogen,  there  is  a  grea"*  er  tencer.". 
hydrogen,  and  the  displacement  of  cadmium  is  suppresse 

To  our  mind,  the  points  of  view  prescn'‘£d  above 
iar  behavior  of  nickel,  cobalt,  and  iron  salts  in  nhe  . 
placement  of  metals  have  several  faults  ap-ear 

when  we  consider  the  casec  of  the  influp'n'e  nickel 
displa'ement  of  metals. 

In  order  to  e.xolain  the  influen^'e  of  ni’  kel  .cal 
placement  of  cadmium,  Izg.ir isliev  and  Mlrkln  -■> 


>3  of  nickel  of  the  dia- 
hev  and  Mirkin  [^],  In 
c  hydrogen,  cadmium,  and 
As  the  hydrogen  .over  volt - 
al  of  cadmium  is  less  posi- 
>'  for  the  displacement  of 

on  the  causes  of  the  pecul- 
rear tions  of  mutual  dis- 
vi*h  especial  sharpness 
sa»ts  in  suppressing  the 

'. s  ii\  suppress’i ng  the  Jis- 
-■  at  Lhe  very  first  moment. 


ide,  vhose  use  excludes 
dees  net  precipitate  ni 
tier  is  greater  than  in 


cf  the 

nickel  ions  are 

stabil 

ity  of  the  bonds 

ferent 

In  the  two  cases 

Therefore,  under 

charge 

of  the  cadmium  i 

C3r%’’er 

[ 5 ]  have  shown  t 

frcd  l/lOCth  to  l/2CCth 
velocity  of  deposition 


the  pcssitillty  cf  the  fc 
chel  cuantitat ively .  and  a 
,  aquecus  solutions,  it  is 
snaller  than  those  cf  the 
between  these  iens  and  the 


mat  ion  of  nickel  hydrates,  zinc 
Ithough  the  speed  of  procipita- 
stili  very  snail  [4].  The  radii 
cadniux  ions,  and  therefore  the 
nolecules  of  water  is  very  dif- 


the  sane  experixental  conditions,  the  velocity  cf  dis- 
ons  nust  be  greater  than  that  of  the  nickel-  Russel  and 
hat  the  velocity  of  the  deposition  of  nickel  and  cobalt  is 
as  greatj  and  that  cf  iron  is  i/lOCOth  as  great  as  the 
of  cadxi’um  and  copper. 


Hence  it  follows  that  caaniun  can  be  deposited  more  rapidly  than  the  gal¬ 
vanic  couple  Ni-21n  can  be  ferxed  to  suppress  the  deposition  of  the  cadxium-  Thus, 
the  assuxption  that  nickel  and  cadxiux  are  displaced  sixultaneously  at  the  very 
beginning  of  the  action  of  the  zinc  dees  not  appear  indisputable. 


Izgarishev  and  Mirkin  [2]  devoted  their  attention  to  the  fact  that  nickel- 
ous  chloride  has  a  greater  influence  on  the  displacexent  of  hydrogen  than  nickel 
sulfate.  In  this  connection,  it  beccxes  necessary  to  take  account  of  the  specific 
roles  of  the  ions,  which,  in  the  opinion  of  these  authors,  can  influence,  by  means 
of  their  electric  poles,  the  electronic  rearrangements  which  determine  the  chemical 
process.  In  our  opinion,  this  explanation  of  the  specific  a'*! Ion  of  the  ions  in 
which  the  transition  elements  with  a  large  number  of  unpaired  ele" irons  and  a 
clearly  expressed  tendency  to  form  complexes  play  a  role,  is  insufficient  for  an 
understanding  cf  the  entire  peculiarity  of  these  processes 


In  previous  communications  [^]  we  have  expressed  a  hypothesis  to  the  effect 
that  in  order  to  understand  the  reduction  of  the  ions  of  the  transition  elements, 
it  is  necessary  to  take  into  account  their  tendency  to  form  complexes,  as  well  as 
those  functions  which  are  fulfilled  by  the  ions  in  these  processes.  It  was  as¬ 
sumed  that  if  the  ions  which  were  subject  to  reduction  formed  complexes,  and  be¬ 
haved  as  electron  acceptors,  thus  realizing  all  the  possible  coordination  bonds, 
then  such  ions  could  not  be  reduced  without  a  preliminary  decomposition  of  the 
complex  compound.  On  the  other  hand,  the  performance  by  the  ions  of  their  funo- 
tio.n  as  donors  could  not  lead  to  any  difficulties  in  the  reduction  reactions,  as 
this  process  did  not  change  the  nurcber  of  electrons  on  the  donors-  Mere  than 
that,  in  a  number  of  cases  the  performance  of  the  function  of  an  electron  donor 
in  the  processes  of  complex  formation  leads  to  a  facilitation  of  the  processes  of 
reduction. 


If  we  assume  that  in  aqueous  solutions  of  nickel  salts  the  complex  ions 
[Ni  are  present,  to  whose  formation  the  nickel  is  inclined,  and  that  these 

act  as  electron  acceptors,  then  their  effective  number  appears  equal  to  26  2-6  — 

-  2  =  3S,  as  the  atomic  number  of  the  closest  inert  gas  equals  ^6.  Thus,  nickel 
has  two  excess  electrons,  and  from  cur  point  of  view,  under  conditions  which  ex¬ 
clude  uhe  decompositiori  of  the  complex,  the  only  thing  possible  is  removal  of  the 
elect!  ins,  i.e.,  oxidation,  and  not  reduction  of  the  ni'^kel  ions  As  the  complex 
indicated  is  fairly  stable,  the  discharge  of  the  nickel  ions  a-  tually  takes  place 
slowly  and  with  difficulty.  On  the  other  hand,  the  formation  of  the  bond 
/H 

NI  :fc=  0<r  must  lead  to  the  weakening  of  the  0-H  bond  in  comparison  with  this 


same 


onxd  in  H2O  or  [H30]'^.  Therefore,  despite  the  difficulty  of  tine  redu-'tion 


1; 


of  the  nickel  ions,  these  facilitate  the  reduction  of  the  hydrogen  ions- 

We  can  explain  jn  sitiilar  fashion  the  behavior  of  iron  and  cobalt  salts  in 
reactions  where  there  is  c*utual  displacecient  of  xetals.  In  these  cases,  the  cal¬ 
culation  of  the  effective  atcaic  nuciters  leads  to  the  conclusion  that  in  contra¬ 
distinction  to  the  ions  of  nickel  and  '“obalt,  which  in  their  hydrated  ccaplexes 
cannot  be  reduced,  the  triply  charged  ions  of  iron  can  be  reduced  w'ithout  diffi¬ 
culty  to  doubly  charged  ions 

In  the  light  of  what  has  been  said,  it  Is  clear  that  the  reduction  of  H 
ions  from  complex  hydrates  of  the  metals  undei  consideration  may  be  pictured  in 
this  way; 

[Me...0H2J++  e  =  [Me  -  OH]-"  +  H--  (a) 

However,  Werner  [7]  had  already  shewn  that  in  solutions  of  salts  of  nickel,  co¬ 
balt,  and  other  t^'plcal  complex-formers,  there  was  an  equilibrium  of  the  type; 

[Me. ,  .OHs]-"-^  H2O  [Me  -  0H]+  +[H30]‘^.  (b) 

When  the  H  ions  of  the  complex  hydrate  are  reduced,  this  equilibrium  is  upset, 
and  in  order  for  it  to  be  maintained,  the  reduced  complex  hydrates  must  be  regen¬ 
erated  by  displacing  the  equilibrium  from  lefn  to  right,.  Summing  equations  (a) 
and  (b),  we  obtain  the  usual  equation  for  the  discharge  of  H  ions. 

[HaO]-*-  +  _e  =  H2O  +  H. 

The  ideas  we  have  proposed  are  not  in  contradiction  to  the  theory  of  hyd¬ 
rogen  overvoltage.  Let  us  assume  that  two  reactions  of  mutual  displacement  of 
metals  can  take  place  at  the  same  time.  4  Zn  =  Me  -t-  Zn-*"*-,  and 

2H'*'  4-  Zn  =  H2  4-  Zn'"'^,  provided  that  their  free  energies  are  equal.  Otherwise, 
that  reaction  whose  free  energy  is  greater,  will  haveagreater  tendency  to  take 
place.  As  the  free  energies  of  these  reactions  are  determined  by  equations. 

AAi  =  nF(ES  -  eS  )  +  RT  In 
Me  Zn 


AA2  -  nF(E2 


)  4-  RT  In 


then  the  displacement  of  the  hydrogen  will  be  favore:!  if 


A  A2  >  AAi  or  log  — 


£§2-  - 


where  E§^  and  E§g  are  the  normal  potentials  of  the  hydj'ogen  and  the  metal.  The 
relation  (l)  does  not  cake  Into  account  the  hydrogen  overvoltage.  Upon  taking 
it  Into  account,  we  can  rewrite  the  relation  in  the  form. 

Me  ""Me 

■■  d.or' —  £> 

where  n  is  the  overvoltage 

Let  us  cr.oose  the  experimental  conditions  in  such  a  way  as  to 'fulfill  the 
equation. 

E°  -  r  -  Sf. 


i.e.,  let  the  displacement  cf  the  metal  and  of  hydresen  take  pLace  independently 


159‘ 


is  greater.  Kovever,  as  can  be  seen  frca  the  last  col’oxn  of  Table  1,  during  the 

time  of  the  experitent  (p  itir.utes)  the  catalytic  action  of  the  nickeicus  chlc-ride 

on  the  velocity  of  evolution  of  the  hydrogen  did  not  succeed  in  niaking  itself 

felt  vith  sufficient  clarity.  The 

change  in  the  concentration  of  hyd-  '.v 

rogen  ions  during  the  reduction  of 

the  SaCl2  solution  was  approximately  . 

the  same  as  during  the  reduction  of  ^  9:>j- 

the  mixed  solutions  of  tin  and  nick-  I;  _  ^  . 

el  chlorides.  It  is  characteristic  o  7^  -  3 

that  when  the  relative  decreases  of  ^  - 

the  extent  of  precipitation  of  the  I 

tin  by  zinc  under  the  influence  of  |  ~  ^ 

nickelous  chloride  were  plotted  on  3^  _ 

the  curve  against  the  ratio  ^ 

[H+J^/[Ni++]  it  was  noted  that  the  ?  >5  -^r 

nickelous  chloride  shewed  the  great-  ^  f  \  i  i  ; 

est  effect  in  suppressing  the  reac-  o  aoj 

tion  when  a  relatively  small  amount  -i— ^ 

of  H  ion  corresponded  to  1  g-ion  of  M 

nickel-  With  a  large  excess  of  H  Fig.  1.  The  Influence  of  nickelous 

ions,  the  action  of  the  nickel  chlor-  chloride  on  the  extent  of  precipita- 

ides  was  inconsiderable.  tion  of  tin. 


Fig.  1. 


The  nickelous  chloride  suppres¬ 
sed  the  displacement  of  tin  not  only  by  zinc  but  by  other  metals  as  well-  Table 
2  gives  a  comparison  of  the  results  of  a  determination  of  the  extent  of  precipi¬ 
tation  of  the  tin  from  solutions  of  stannous  chloride  by  magnesium,  aluminum,  and 
zinc,  in  the  presence  and  in  the  absence  of  nickelous  chloride. 

TABLE  2 

The  influence  of  nickelous  chloride  on  the  extent  of  precipitation  of 

tin  by  metals 


Expt . 
No. 

Displacing 

metal 

1  Normal  po- 
jtential  of 

Amount  of  displacing 
metal 

Extent  of 
i tat ion  oi 

precip- 
^  tin,_^ 

j Decrease  in 

1  extent  of 

Imetal  (V) 

1 

! 

(s) 

(g-atomg)  In  absence* In  pres- 
of  NiCls  ence  of 

NiClp 

precipita¬ 
tion  of 
tin 

1 

Magnesium 

'  1.55 

0.45 

0.019 

35.0 

35.0 

0 

2 

Aluminum 

1  1.34 

0.45 

0,017 

9.10 

5.90 

3.20 

3 

Zinc 

1  0.76 

0.45 

0.0069 

25.90 

15.64 

8,26 

1 

Magnesium 

:  1.55 

0,166 

0.007 

89.05 

83.15 

5.88 

2 

Aluminum 

1.34 

0.187 

0.0117 

50.00 

45.40 

6.60 

3 

Zinc 

1  0.76 

0.43 

0.007 

85,6 

54.7 

1  30.9 

From  Table  2  it  follows  that  nickelous  chloride  suppresses  the  displacement 
all  the  more  strongly  the  more  positive  the  potential  of  the  disp].acing  metal. 

Cobaltous  chloride  and  chromium  chloride  behave  similarly  to  nickelous 
chloride  (Table  3)- 

The  chlorides  of  cobalt,  nickel,  and  chromium  may  be  arranged  in  order  ac¬ 
cording  to  the  degree  of  their  influence  in  suppressing  the  displacement- 
CrCi3  <■  c  Cori2.  The  metal  ions  may  be  arranged  in  the  same  order  with  res¬ 

pect  to  tne  reciprocals  of  their  radii.  On  the  other  hand,  the  action  of  the 
cnlorides  of  thc^se  metals  is  not  relate!  to  the  potentials  of  the  meta.ls.  The 


j  3^v7 


^v-er.* 


'etal 

Lms* 

1  i 

t  •  ' 

,  ^  ^  m  J  ^ 

.  ...  i 

rw_2  • •  • 

!  ^  0.  i 

1  1 

C.52 

t 

75. f 

:ici2  ... 

1  p  1 

1  0.73 

62  .  CO 

'bc:3  ..  ! 

! 

1  1 

!  59-37  j 

ex- 


■  on 


cf  tin 


Si  S2 
Si .  26 


15-0 
21.9: 
26,  k 


potentials  of  cobalt  and  nickel  are  identical^  althcugn  nickelcus  chloride  lovers 
the  extent  of  precipitation  of  tin  ncre  strongly  than  does  the  chloride  of  cobalt, 

The  ncrnal  potential  of  lead  equals  -1.126  V,  the  ratio  of  the  concentra¬ 
tion  of  H  ions  and  lead  ions  at  which  ve  ciay  expect  the  evolution  of  hydrogen  to 
be  favored,  and  nickel  salts  therefore,  to  have  a  decreased  influence  on  the  ex¬ 
tent  of  precipitation  of  the  metal,  is  determined  by  the  ratio: 

[Pb++]  / 

As  follows  from  Table  4,  in  which  are  listed  the  results  of  the  investiga¬ 
tion  of  the  influence  of  nickelous  chloride  on  the  extent  of  the  precipitation 
of  lead  frcm  a  solution  of  plumbous  chloride,  the  ratio  which  interests  us  is 
much  less  than  the  limiting  ratio,  and  in  accordance  with  this  fact,  nickelous 
chloride  lowers  the  extent  of  precipitation  of  the  lead.  On  the  ether  hand,  the 
catalytic,  action  of  nickel  salts  on  the  velocity  of  the  evolution  of  hydrogen 
appears  fairly  evident  During  the  reduction,  the  change  in  the  pK  of  the  solu¬ 
tions  containing  nickelcus  chloride  is  greater  than  in  the  solutions  which  do 
not  contain  it. 

Zinc  also  precipitates  nickel  along  with  the  lead,  the  extent  of  precipita¬ 
tion  of  the  nickel  frcm  the  solution  of  nickelous  chloride  in  the  presence  of 
lead  chloride  is  approximately  the  same  as  in  its  absence.*  ‘  ’ 


TABLE  4 


The  influence  of  nickelcus  chloride  on  the  extent  of  precipitation  of  lead 
from  a  solution  of  plumbous  chloride  (ratio  of  [PbClp]  to  iKiClp]  =  O.Ql,). 


Mol  ar 
ratio 
of  Zn  to 
PbCl^ 

Extent  of  precipitation 
of  lead 

i - 

Relative 

Icwerinr 

1  of  the  extent 
of  precipita 
tion  of  lead 

PH  of 
original 
solution 

pH  of  solution  af 
ter  reduction 

E^xtent  of 
tion  of 

procipiti 

■ickei 

brj--’  ■ 

Prom  PbClo 
solution 

i 

1  1 

1  From  mixed 
solutions  of 
PbCl2'-^ 

NiCl2 

of  Pl)Cl..  of  NiCl.. 
solution  solution 

.solution 
of  NiCl- 
*  Pbdi* 

soluti«t] 
of  Nicly 

5.95 

56.0 

0.373 

0.515 

15.6 

1.7 

2.3  3.0 

0,2^42 

10.27 

56.0 

O.hC  j 

:  0.L5 

7-0 

1.7 

2.3  3.0 

0.27 

_ 

20.55 

50. 0 

0  535  i 

0.522 

3.0 

1-7 

3-0  5.3 

0.51 

- 

bl.l 

jpc.O 

0.682  j 

0.6c 

12.0 

1-7 

30  4.7 

0.54 

5.4 

155.0 

C.194  1 

0.10 

50 

1  1 

2,1  2.2 

O..O7U 

c 

0 

4r- 

7.99 

i  53-0 

0.-220  i 

:  0.220 

2.0 

1.1 

2.1  2.2 

0.10 

10.111 

cnarac^er  oi  tae  -n^^ue..re  c-  -ne  - 

nickelous  chloride  on  T.he  dis-  Top  .  -  - 

placezer.t  of  che  lead  cv  zinc  J  / 

from  different  ci^xtures  of  solu- 

tlons  of  the  chlorides  cf  nickel  ^'3c\  ^ 

and  lead.  The  continuous  c’urve  ^  A 

shows  the  extent  of  the  preoipi-  °  '  V 

tation  of  the  lead  as  related  to  ^  ^  _ ^ 

the  conposition  of  the  fixture,  g  ^  ^ 

when  the  Ec:ount  of  zinc  used  is  ?  2D  -  ,  - - 

constant.  Dotted  C'urve  I  refers  5 

to  the  extent  cf  the  precipita-  0'^  ~ 

tion.  cf  nickel  frcci  this  nixture  _ I _ I _ I _ ! _ I 

and  Curve  II  to  the  extent  of  .x  'a?'  Sc  6c  oo  ^  o\ 

the  precipitation  cf  lead  from  DbCli  loc-'. 

solutions  which  do  not  contain 

nickelous  chloride.  It  is  worth  Fig.  2.  The  influence  of  nickelous  chlor- 

noting  that  in  the  region  of  in-  ide  on  the  extent  of  precipitation  of  lead 

tensive  displacement  of  the 
nickel  by  zinc,  nickelous  chlor¬ 
ide  does  not  show  any  considerable  influence  on  the  extent  of  precipitation  of  the 
lead,  and  the  influence  clearly  appears  after  the  amount  of  precipitation  of  the 
nickel  has  reached  its  limit. 


It  follows,  therefore,  that  nickel,  apparently,  is  displaced  by  zinc  after 
the  lead  has  been  precipitated,  and  that  it  is  the  nickel  ions  which  are  present 
in  s*olution,  and  not  the  precipitated  metal,  which  influences  the  extent  of  precip¬ 
itation  of  the  lead. 

The  normal  potential  of  antimony  equals  0  25  V,  and  the  ratio  of  the  concen¬ 
trations  cf  the  ions  of  antimony  and  H,  at  which  the  preferential  displacement  of 
the  hydrogen  is  possible,  is  determined  by  the  inequality.  [ Sb'^'*^^  ]^/[ lO"-*-®. 
We  worked  with  solutions  of  antimonous  chloride  in  which  this  ratio  was  greater 
than  10  i,e.,  under  conditions  in  which  nickel  salts  should  not  have  influenced 

the  extent  of  the  precipitation  cf  antimony.  However,  experiment  showed  (Tables 
5  and  6)  that  nickelous  chloride  made  the  displacement  of  antimony  by  zinc  con¬ 
siderably  more  difficult. 

TABLE  5 

The  influence  of  NiCls  on  the  extent  of  precipitation  of  antimony  from 

SbCla  solutions 


Molar  ratio, 
of  Zri  to  i 
SbCl3  1 

Molar  ratio 
of  SbCl3  to 
NiCls 

(Sb***!® 

Extent  of 
precipitation 
of  antimony 

i  Amount  of 

1  hydrogen 
displaced  (g) 

Relative  lowering 
of  the  extent  of 
precipitation  of 
Sb  (^) 

14.4  i 

0 

1.228*10"^ 

0.97^ 

0.0080 

0 

■  0,203 

1  002  10"^ 

1  0,999 

0.0080 

1.53 

i 

0.672  j 

0.786  10“^ 

0.76!* 

0.0081 

23.5 

1^075 

o,6i4  10"^ ' 

0.5995 

0,0081 

18, U 

1^5  1 

I0.51  -io‘^-i 

0,1.77 

0.0075 

51.3 

2.17 

,  0.i;09'10'-  j 

1  0,366 

0,008^1 

61.3 

In  these  experiments,  apparently,  the  extent  of  the  precipitation  of  the 
antimony  was  not  directly  related  to  the  preferential  evolution  of  hydrogen,  as 
the  amount  cf  hydrogen  evolved  had  practically  no  relation  to  the  concentration 
of  the  nickelous  chloride. 
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The  influence  of  nicXelovi?  chloride  on  ‘■he  of  pTC;ii:.iin.tion  of 

antimony  from  a  r-olutlon  of  antlmonous  chloride 


M.olar  ratio 
of  Zn  to 
SbCl3 

Extent  of  ] 
of  ant  imon; 

precipitation 
/  from  solution 

tnange  in  cc-ucentration 
of  R  iens  (in  ^  of  Verig¬ 
ina  1 ) 

i.ti.xtent  01  pcecipi- 
cation  of  nickel 
from  solution 

SbCi3 

3bCl3  +  NiCl> 

StCl3 

SbCl3  NiCl2 

NiCl^fSbCla 

NiCl2 

2.1 

0.350 

0.20 

2.6 

2.9 

0.007 

0 

0.767 

0.47 

23.6 

23.7 

0.024 

0.048 

21.0 

1.0 

0.84 

60,8 

68.4 

(0) 

0.093? 

52.5 

1.0 

1.0 

100 

100 

1.0 

As  the  concentration  of  nickelcus  chloride  in  the  solution  vas  increased, 
the  extent  of  precipitation  of  the  antimony  at  a  constant  ratio  of  zinc  to  SbCla 
decreased,  while  at  the  same  time  the  amount  of  hydrogen  displaced  did  not  ch*ange 


Nickelous  chloride  suppressed  the  displacement  of  antimony  all  the  more 
strongly,  the  smaller  the  amount  of  zinc  added  to  the  solution. 

With  an  increase  in  the  amount  of  zinc,  the  extent  of  the  precipitation  of 
nickel  from  the  solutions  which  contained  antimony  rose  more  sharply  than  from 
solutions  which  did  not  contain  it.  Apparently,  the  antimony  which  was  displaced 
by  the  zinc  was  to  some  extent  carried  down  in  the  nickel  deposit. 

All  that  has  been  said  permits  us  to  assume  that  the  decrease  in  the  extent 

of  precipitation  of  the  antimony  under  the  Influence  of  nickelous  chloride  is  de¬ 
termined  by  the  specific  interaction  of  antimonous  chloride  with  nickelous  chlor¬ 
ide  and  has  no  relation  to  the  cases  of  suppression  of  the  displacement  of  mstalc 

by  nickel  salts  as  a  result  of  the  creation  of  conditions  which  favor  the  prefer¬ 
ential  evolution  of  hydrogen. 


The  normal  potential  of  bismuth  equals  0.32  V,  and  the  ratio  of  the  concen¬ 
trations  of  ions  of  bismuth  and  of  K,  at  'which  we  may  expect  the  nickel  salts  to 
exert  their  effect  in  suppressing  displacement,  is  determined  by  the  inequality 
[Bi ■*■■*■■*■] 2  j  <  10  For  the  solutions  with  which  we  worked,  the  ratio  of 

concentrations  was  much  greater  than  the  limiting  value,  and  we  could  therefore 
expect  that  nickel  salts  would  not  influence  the  extent  of  the  precipitation  of 
bismuth  by  zinc. 


TABLE  7 


The  influence  of  nickelous  chloride  on  the  extent  of  precipitation 

of  bismuth  from  solutions 


Molar  ratio  ^  Molar  ratio 
of  Zn  to  ,  of  pida  to 

Bids  ^  NiClj 

i 

1 

1 

Concentration 
of  B1CI3  (in 
moles/1 ;; 

Extent  of 
pi-ocipita. 
tion  of 
bisn.uth 

Relative  low 
ering  of  ex 
tent  of  pre 
cipitation  of 
bismuth 

• 

Concentration  of 

H  ions  (g  ions  / 

1; 

r"' 

Extent 

Before 

reduction 

After 

reduction 

pf  pre 
:ipita 
tion  of 
nickel 

7.20  i  1.54 

0.00086 

0.935 

- 

2.07 

1.66 

0 

8.26*10"® 

7.60  1  1.-234 

O.OOOSO 

O.035 

8-4 

2.07 

1  66 

0 

7.21  10"® 

9.24  !  0.84 

0.00066 

0.906 

3  0 

2.07 

1.54 

0 

4.91'10“® 

15 . 4  0  ^  0.36 

0.00040 

0.886 

5.0 

2  07 

1  c  66 

0 

2,38*10"® 

23.1  I  0.21 

0.00026 

0,t^50 

9-0 

2 . 07 

1.66 

0 

0.96*10"® 

23. 70  1  3-4i6 

0.0010 

1  0 

- 

2.07 

1,0 

11-27  10"® 

1600 


As  can  be  seen  frc:a  Table  7,  nickelous  chloride  had  practically  no  influence 
on  the  extent  of  precipitation  of  the  bisrauth. 

The  ratio  of  concentrations  for  solutions  of  copper  chloride  at  which  we 
could  expect  the  suporessive  influence  of  the  nickel  salts  is  determined  by  the 
relation  [ Cu‘*~'' ] / [ H"*' j ^  <  10”^^.  In  the  solutions  with  which  we  worked,  the 
ratio  of  concentrations  was  greater  than  the  limiting  value,  i.e,,  under  the 
conditions  of  our  experiments,  nickel  salts  should  not  have  had  any  influence  on 
the  extent  of  precipitation  of  the  copper.  From  Table  8  it  can  be  seen  that  in 
fact  nickel  chloride  had  practically  no  influence  on  the  extent  of  precipitation 
of  the  copper. 

TABLE  3 


The  influence  of  nickel  on  the  extent  of  precipitation  of 

copper  from  CuCl2  solution 


Molar 
ratio  of 
Zn  to  1 
CuCl2  ‘ 

Molar 
ratio  of  i 
CuCl2  to 
NiCl2 

[Cu-^^] 

Concentra¬ 
tion  of  1 

^  CuCl2  ( in  j 

! moles/liter)  ] 

1 

Extent  of  precipita- 
ition  of  Cu  from 
;  solutions 

pH  of  solutions 
after  reduction 
of  solutions 

i  CuCl2 

CuCl2  +  NiCls 

CUCI2 

CuCls-^NiCl, 

1*.38  1 

8.0  ' 

1,26 

i  0.080 

0.877 

0.874 

3.10 

3.17 

5-83  ; 

2.95 

0.93 

1  0.059 

0.914 

0.890 

3.10 

3.15 

8.77  ! 

1.3 

0.645 

1  0.040  ! 

0.9C5 

■  0.901 

2,65 

2.65 

18.33  1 

P-5  1 

0.31 

1  0,020 

1  1 

0,931 

0,929 

1  2.36 

2.36 

Consideration  of  Results 


Consideration  of  the  experimental  results  we  have  obtained  led  to  the  fol¬ 
lowing  conclusions:  the  salts  of  nickel,  cobalt,  and  chrcml-um  can  suppress  the 
reaction  of  mutual  displacement  of  metals  in  those  cases  where,  from  the  point 
of  view  of  the  classical  electromotive  series  of  metals,  the  preferential  dis¬ 
placement  of  hydrogen  is  possible  With  regard  to  this,  nickel  chloride  under 
definite  experimental  conditions  suppresses  the  displacement  of  metals  whose 
position  in  the  electromotive  series  is  to  the  left  of  hydrogen  (cadmium,  tin, 
lead)  and  does  not  influence  the  displacement  of  metals  whose  position  in  the 
electromotive  series  of  metals  is  to  the  right  of  hydrogen  (bismut}i,  copper). 

We  must  set  aside  the  case  in  which  difficult;^y  reduced  complexes  are  formed 
between  the  nickel  salts  and  the  metal  to  be  displaced  (antimony).  Thus,  the 
rule  for  the  electromotive  series  of  metals  is  followed  more  accurately  if  the 
reaction  of  the  mutual  displacement  of  metals  takes  place  in  a  medium  containing 
salts  of  nickel,  cobalt,  or  chromium.  This  phenomenon  is  doubtless  related  to 
the  fact  that  salts  of  these  metals  lower  the  hydrogen  overvoltage  on  metals. 
However,  this  action  of  the  salts  with  which  we  are  concerned  is  apparently  not 
related  merely  to  the  formation  of  local  couples  of  the  type  nickel -zinc,  as  has 
been  suggested  by  many  authors. 

The  experimental  results  we  have  obtained  show  that  the  action  of  salts  of 
nickel  and  its  analogs  is  dependent  upon  the  definite  nature  of  the  interaction 
of  the  ions  of  these  metals  with  H  ions  or  molecules  of  water,  and  not  with  the 
displacements  of  these  metals. 

With  regard  to  the  ability  to  suppress  the  reaction  of  mutual  displacement 
of  metals,  and  also  with  regard  to  the  intensity  of  the  catalytic  Influence  on 
the  displacement  of  hydrogen,  the  chlorides  of  nickel,  cobalt,  and  ctircmium  may 
be  arrangeu  in  the  order-  CrCl^  ^  HiCl^  ^  CoCl2,  This  series  corresponds  to 
the  values  of  the  reciprocals  of  the  radii  of  the  ions,  and  consequently  to  the 


energy  of  the  interaction  of  these  ions  with  the  aiediuc.  In  *  he  light  of  what 
has  been  said,  the  hypothesis  expressed  in  our  arti'.le,  to  the  cffe.  t  that  in 
the  fcrciation  of  hydrate  ccsplexes  the  ions  of  nickel,  :cbalt,  and  chLroTtium  be¬ 
have  as  electron  accepters,  and  are  therefore  displared  by  metals  w'ith  difficulty,' 
appears  fully  probable.  But  the  formation  of  a  stable  bond 


during  the  formation  of  the  hydrate  complexes  weakens  the  0-H  bond  in  comparison 
with  this  same  bond  in  H2O  or  the  [HjO]'*'  complex,  and  this  leads  to  the  facili¬ 
tation  of  the  displacement  of  the  hydrogen. 

SUMMARY 


1.  The  influence  of  the  chlorides  of  nickel,  cobalt,  and  chromium  on  the 
displacement  of  tin  by  metallic  zinc,  aluminum,  and  magnesium  has  been  investiga¬ 
ted.  The  influence  of  nickel  chloride  cn  the  displacement  of  lead,  antimony, 
bismuth,  and  copper  by  metallic  zinc  has  also**  been  investigated - 

2.  It  has  been  shown  that  salts  of  nickel,  cobalt,  and  chromiium  can  suppress 
the  reaction  of  mutual  displacement  of  metals  in  those  cases  where,  from  the 
point  of  view  of  the  rule  of  the  electromotive  series  of  metals,  the  preferential 
evolution  of  hydrogen  is  possible.  With  regard  to  this  point,  the  salts  named 
above  suppress  the  displacement  of  tin  and  lead  and  do  not  influence  the  displace¬ 
ment  of  bismuth  and  copper.  [Tne  suppression  by  nickel  chloride  of  the  displace¬ 
ment  of  antimony  by  zinc  must  be  considered  sej)arately,  as  this  is  determined  by 
the  specific  interaction  between  nickel  a.nd  antimony  chlorides-. 

5.  It  has  been  shown  that  the  suppressive  influence  of  nickel,  cobalt  and 
chromium  chlorides  on  the  reaction  of  the  mutual  disp:a'*ement  of  metals  is  rela¬ 
ted  to  the  character  of  the  interaction  of  the  ions  of  the  metals  with  the  medium. 
With  regard  to  the  ability  to  suppress  the  reaction,  the  chlorides  of  these  metalf 
are  arranged  in  the  order  CrCl3‘  >  KiClg  >  C0CI2.  The  ions  of  these  metals  fall 
into  the  same  order  when  arranged  according  to  the  reciprocals'  of  their  radii, 

A  hypothesis  has  been  expressed  according  to  which  the  characteristic 
behavior  of  nickel,  cobalt,  and  chromium  in  the  mutual  displacement  reactions  of 
metuls  Is  determined  by  fnose  acceptor-donor  functions  wnicti  the  ions  of  these 
metals  fulfil  during  the  formation  of  hydrate  complexes . 
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I0O2 


THE  NATURE  OF  CRYSTALS 


IV.  or’  TITE  irrTERATOMIC  LINFCAOE  OF  OXIDES  AP^D  THEIR  IP/DRATES 


V.  Kurbatov 

The  forniula  for  the  determination  of  the  Interatomic  linkage  of  crystals, 
l.e.,  the  force  in  opposition  to  the  thermal  expansion; 

^cr.  ”  ^’5  Cqj.  , 

as  given  in  one  of  the  preceding  papers,  may  he  applied  to  the  calculation  of 
the  Interatomic  linkage  of  oxides.  Unfortunately,  the  experimental  data  are  in 
sufficient  even  for  such  compounds  as  ZnO  and  FgO,  which  in  general  have  been 
well  investigated.  Therefore,  information  needed  for  the  calculation  is  rela¬ 
tively  limited.  It  is  assembled  in  Table  1,  from  which  it  is  clear  that  the  ox 
ides  investigated  have,  except  for  H2O  (probably  also  PlapO,  K2O,  LI2O,  PbO)  and 
probably  SnO,  BaO,  Se02,  and  to  an  even  greater  extent  SO2,  Te02,  and  those  ox¬ 
ides  which  are  easily  soluble  to  form  acids  (P205;  Cr205,  S2O6),  an  extremely 
high  value  of  Kcr=  •  At  the  same  time,  in  the  subgroup  MgO-CaO,  these  values 
quickly  fall  as  the  atomic  weight  of  the  element  increases;  this  is  the  result 
of  the  increasing  solubility  in  the  order: 


Oxide  . . . , . 
Solubility 

of  B(0H) 

MgO 

2  . . >  10‘4 

CaO 

0.15 

SrO  BaO 

0,4l  2.2 

In  the 

acid  subgroup,  Kr-.. 

increases  as 

the  atomic  weight  of 

the  elements 

increases: 

S2O6 

Cr206 

Se206 

M02O6 

Te206 

W2O6 

^r . 

25500 

55300 

(UOCOO) 

110000 

(100000) 

(200000) 

Solubility 

Unlimited 

62 

Very  great 

0.002 

Insoluble 

Insoluble 

In  the  SI02~Pb02  subgroup,  the  values  of  pass  through  a  maximum  with 

amorphous  Si02,  or,  if  we  consider  only  crystals,  with  Ge02. 

It  is  precisely  the  oxides  of  the  types  R2D4  and  P2O3  (except  for  B2O3  and 
CO2)  which  have  a  very  high  IC^r.  i^OO,OCO  atm),  that  are  completely  insoluble 
in  water  and  react  with  alkalies  at  low  temperatures  with  extreme  difficulty. 

At  the  same  time,  the  solubilities  of  the  extreme  members,  l.e.,  BeO,  the  light 
est  in  the  calcium  subgroup,  and  W03  and  UO3,  the  heaviest  in  the  tungsten  sub¬ 
group,  are  also  practically  equal  to  zero. 

High  melting  points  are  also  related  to  high  values  of  K^r.  (listed  in 
Table  2) . 

From  this  table  (2)  it  can  be  seen  that  the  parallelism  between  and 

the  m.p.  exists,  but  with  fairly  strong  oscillations  from  30  to  0  9^  with  an 
average  value  of  5.3- 


TABLE  1 


Interatcuic  linkage  of  oxides 


Substance 

C 

— 

d 

5=  =  3 

Kcr. 

H2O  . 

0.5C5 

0.918 

O.O3I54 

62100 

MgO  . 

0.239 

3.9 

O.O5936 

2050000 

CaO . . . 

0.182 

3.40 

O.O4I45 

880000 

PbO  . 

0.0519 

9c5 

O.O365 

170000 

B2O3  . .  .  e  .  ,  .  .  ^ 

0.237 

1,49 

O.O4I52 

475000 

AI2O3  . 

0.191 

4.0 

0,04138 

1170000 

AS2O3  . . . .  .  ^  . 

0 . 1201 

5-72 

0.03117 

121000 

0.095 

3.1^ 

O.O4582 

17800c 

Si02  “  quartz  . 

0.184 

2.75 

O.O42I5 

603000 

Si02  "  glass,  slowly- 
cooled  ....... 

0.168 

2,21 

0.06393 

19500000 

Si02  -  glass,  quickly 
cooled  . 

0.162 

2.23 

0.06297 

25100000 

Ti02  “  rutile  . 

0.157 

4.24 

O.O4225 

610000 

TiC2  ~  anatase  . 

0.179 

3.86 

O.O4I295 

854000 

Ti02  -  burkite  . 

0.161 

4.05 

O.O468 

200000 

Ge02  . 

0.115 

3.64 

0,0577 

1110000 

Zr02  . 

0.117 

5^75 

O.O570 

1960000 

Sn02  . . 

0.0933 

6.95 

0  0=663 

1550000 

Pb02 . . . . . 

0.0643 

9.56 

O.O591 

1400000 

P2O5  . 

0,246 

2.46 

O.O345 

27700 

I2O5  . . . . . 

0.111 

4.80 

O.O336 

30500 

Se02  ....a.... ......... 

0.125 

3  =  95 

O.OaJJ 

30800 

SgOe  .................. 

0.305  ! 

1.97 

O.O353 

23500 

Cr20s  . . . 

0.189  ! 

2.70 

O.O3I9 

55300 

M02O5  ................. 

0.107  1 

4.65 

O.O3O9 

110000 

TABLE  2 

Relationship  between  melting  points  and  of  oxides 


Substance 

Melting  point 

Kcr,  ’3  0'- 

M,p,?  Kcp^"lO“3 

E2O  ........  0  .  -  .  0  .....  , 

273 

62 

8.0 

MgO  . . . . 

2750 

2050 

1  =  3 

CaO  . 

2845 

880 

3  =  1 

PbO . . . . 

1153 

170 

6-7 

B2O3 

840 

575 

1.4 

AI2O3  - - 

2323 

1180 

2,0 

Sb203  ................. 

929 

178 

5.2 

Si02  ..............  .... 

1973 

603 

3  =  33 

TiOs 

1853 

650 

2.8 

Ge02  . .  c,,.,r 

1310 

1112 

1.2 

Zr02  ............ _ _ 

2953 

19S0 

1-4 

Sn02  0  .  - ,  . 

14C0 

1550 

0,9 

Pb02  . . . . . 

836 

280 

3.0 

I2O5 

573 

31 

1.8 

Sb203  5,,.... 

913 

31 

2.0 

SpOe  •  ’  3 

290 

24 

1,2 

Cr2^'^ 

469 

55 

8,5 

MopOe 

1066 

110 

9  7 

160.'4 


In  considering  the  values  of  Kcr.  it  is  impossible  to  overlook  the  fact 
that  3a  has  been  investigated  up  to  the  present  time  for  oxides  of  poly^/alent 
elements.  The  values  higher  than  the  Kj_  (intermolecular  linkage)  of  water  were 
determined  in  I918  (V.  Kurbatov,  The  H?  "  <"a;acity  of  Liquids,  Bull,  Leningrad 
Tech. Inst.  I917/18),  to  be  equal,  with  a  great  deal  of  probability,  to  75^0^^^ 
atmospheres,  f„r  'chose  oxides  which  were  insoluble  in  water.  Those  which  dis¬ 
solved  in  water  had  a  K^j..  considerably  lower  than  75,000  atmospheres.  The  Kcr. 
for  ice  was  calculated  to  be  62,000,  i.e,,  below  75,000.  We  may  recall  that 
for  the  purpose  of  the  calculation,  the  K]^  of  water  was  employed  up  to  35",  sis 
I  then  took  this  as  the  limit  of  the  normal  change  of  the  volume  of  water,  in 
view  of  the  fact  that  a  minimum  of  the  heat  capacity  of  water  lies  between  35“ 
and  40®  (the  value  of  a  was  calculated  by  extrapolation  from  Kirn's  formula). 
Below  35“ ,  two  methods  of  calculation  gave  rapidly  diverging  values  (Table  3)* 

TABLE  3  TABLE  4 


Intermolecular 

linkage  of  Water 

LiOK 

NaOH 

KOH 

Tern-  1 

1  Calculated 

per  a- 

i  I 

II 

190000 

4.7 

168000 

51300 

9.0 

ture 

From  3a.,  'by 
Kirn's  form¬ 
ula 

From  actual  co¬ 
efficients  of 
expansion 

. 

Solubility  . 
10* 

9.2 

0“ 

4 

10 

20 

35 

40 

60 

250,000 

200,000 

160,000 

150,000 

32,000 

59,600 

56,000 

210,000 

67,000 

49,000 

24,400 

The  sharp  break  in  the  values 
calculated  both  on  the  basis  of  the  co¬ 
efficient  of  expansion  of  water  from  the 
experimental  values  of  3a,  and  by  the  use 
of  Kirn's  formula,  in  going  from  35“  bo 
20"  showed  that  below  55“  there  was  a 
break-up  of  the  structure  of  the  water  on 

account  of  a  change  in  the  incipient  stage 
of  crystallization.  This  is  why  it  was 


assumed  that  the  internal  pressure  of  water  at  25®  was  of  the  order  of  65,000 
to  75,000  atmospheres.  Now  we  have  direct  confirmation  of  this  fact,  on  the  one 
hand,  from  the  Kcr.  i’o-  ice  (62,000  atmospheres),  and  on  the  other,  in  the  fact 
that  the  soluble  salts,  in  anhydrous  form,  have  a  K^j,  below  150,000  atmospheres. 
This  indicates  that  the  probable  linkage  is  less  than  75,000  atmospheres  for  the 
fully  hydrated  salts.  If  we  make  the  calculations  for  the  few  data  which  exist 
for  Kcr.  hydrate  d.  OX  ides,  tnen  vre  can  see  x*X*Gul  Table  4  that  in  the  subgroup 

LiOH  -  NaOH  there  is  a  rapid  drop  in  Kcr. •  At  the  same  time,  the  solubility 
(Table  4)  increases  from  Li"'"  to  K"^. 


If  we  except  vitreous  (HPOs)^,  which  doubtless  has  not  the  formula  (HP03)n, 
but  the  polyion  structure; 

. .  .“[HP03  1+.  ,  .”[HP03]‘^.  .  .  ‘[HPOa]'^  .  •  • 

...+  [03PH]‘...‘^[03PH]".,.‘^[03PH]‘  ... 

the  acids  have  a  Kcr.  considerably  below  75,000  and,  consequently,  must  be  eas¬ 
ily  soluble  in  water  (Table  5)* 


Upon  contact  with  the  water  in  which  they  are  placed,  there  immediately 
takes  place  not  only  the  hydration  of  the  ions  of  the  elements,  but  an  interac¬ 
tion  of  the  water  with  the  oxygen  of  the  oxide: 

NasO  +  HOH  2Na(0H), 

SO3  +  HsO  K2SO4  as  usually  presented; 

SO3  +  5H2O  H2[S(0H)8j  as  probably  actually  takes  place. 


TABLE  5 

Interatomic  linkage  of  hydrated  oxides 


Substance 

0 

1 

1 

1 

d 

5a 

Kcr. 

LiOH  . 

0.555 

1.43 

0.048G 

190,000 

NaOH  . . . 

0.32 

2.13 

0.0484 

168,000 

KOH . 

0.23 

2.12 

0.03188 

51,500 

HIO3  . 

0.162 

2,8 

0.0349 

19,500 

(H3P03)n  .... 

0.246 

1.88 

0.0420 

340,000 

H2SO4 

0.265 

1.89 

0.0345 

23,000 

H3PO4  . 

0.26 

1.88 

0.0341 

26,500 

Thus,  under  the  influence  of  the  interaction  with  the  oxides,  the  water  is 
very  considerable  changed  -  it  is  “halized'=.  This  ^change  is  least  when  the  num¬ 
bers  of  H'*'  and  OH"  ions  formed  are  the  same,  bu^  this  is  possible  only  with  tet- 
ravalent  oxides . 

Vitreous  phosphoric  acid,  as  already  indicated  above,  has  a  polyion  struc¬ 
ture; 

...■[HP03]'^...“[HP03]+...'[HP03]'^ 


but  incipient  crystallization  is  also  avoided  between  the  polyions,  as  in 
glasses.  Boron  glass,  apparently  has  a  similar  structure.  For  this,  K^x*.  is 
close  to  600,000  atmospheres,  and  solution  of  the  glass  takes  place  extremely 
slowly.  Of  the  number  of  oxides  investigated  which  give  gels  and  colloids, 

MgO  (20*10-),  CaO  (9  10^) ^  AI2O3  (12  10^),  Si02  (6  10“  and,  in  the  form  of  a 
glass,  2p0*10^),  Sn02  (l-6‘10^)  have  values  of  above  5 ‘10^-  Of  these, 

stable  gels  are  given  by  AI2O3,  more  probably  AiT0H)3,  and  by  Si02,  more  probably 
Si (oh) 4.  In  accordance  with  the  crystal] o-polyamphion  theory  of  colloids  and 
gels  (V. Kurbatov,  192-t),  the  formation  of  a  gel  requires  a  loose  skeleton  of 
crystallo-polyion  rods,  which  starts  from  the  incipient  crystallization.  It  is 
obvious  that  for  the  formation  of  such  a  skeleton,  2  conditions  are  necessary: 

1)  sufficient  stability  of  the  crystals  which  are  Joined  to  form  the  rod^  2) 
an  ability  to  grow  into  rods,  i.e.,  to  give  lengthened  forms.  Of  the  number  of 
oxides  for  which  the  values  of  the  interatomic  linkage  were  calculated,  it  is 
obvious  that  the  acid  oxides  (except  for  Mo2'^e)  have  interatomic  -linkages  lower 
than  the  intermolecular  linkage  of  water.  Of 'the  alkaline  oxides  Investigated 
only  PbO  has  a  very  low  interatomic  linkage.  It  would  appear  that  all  the  re¬ 
maining  oxides  must  easily  give  gels,  but  at  low  concentrations  this  is  not  ac¬ 
tually  observed.  However,  of  all  the  oxides  listed  in  Table  1,  only  AI2O3  and 
Si02  belong  to  the  trigonal  system',  that  is,  to  the  system  which  can  with  es¬ 
pecial  ease  give  a  twinning  attachment  along  the  trigonal  axis,  and  this  favors 
the  possibility  of  the  development  of  the  crystalline  rods  needed  for  the  form¬ 
ation  of  the  crystalline  spurs  which  Join  the  basic  incipient  crystals. 

In  actual  fact,  silica,  which  forms  elongated  crystals,  gives  gels  which 
are  much  more  stable  than  those  of  aluminum  oxide. 

There  remains  the  comparison  of  the  values  of  and  the  mineralogical 

hardness,  this  is  given  in  Table  6. 

In  contradistinction  to  what  was  observed  for  halogen  compounds  and  the 
organic  compounds  of  metals  fwith  the  latter,  oei.ween  and  H:/),  the  ratio 

between  Kqj.^  and  the  mineralogical  harnne.cs  fluctuates  within  very  wide  limits, 
and  moreover,  not  only  for  minerals  of  different  hardness,  but  even  for  ci*ystals 
with  a  hardness  not  below  6  (alt>'0'jgh  these  include  only  Si02  ~  75 J  rutile  - 
l42,  GnOp  -  270,  AI2O.3  -  15^)  Of  course  the  iiaraness  is  usually  not  determined 
MkO,  CaO.  arc-  cuhic,  SriOo  TiCV..  tetraf^-onal. 
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for  non-minerals,  but  none  the  less  the  fluctuation  of  the  figures  is  so  great 
that  the  question  arises  whether  the  crystals  of  several  oxides  do  not  consist 

TABLE  6 

Relationship  between  K^r.  mineralogical  hardness 


Substance 

Kcr.-10'3 

Hm 

Kcr .  •  ^ 

Ice  . 

62 

1.5 

40 

MgO . . . 

2050 

6 

340 

CaO . 

•  880 

5 

175 

PbO . 

17 

5(?) 

6(? ) 

AI2O3  . 

1170 

9 

130 

AS2O3  . . 

121 

1.5 

80 

SbsOa  . 

178 

2 

80 

Si02  . 

603 

7 

85 

Ti02  -  rutile 

610 

6.5 

94 

TIO2  -  anatase 

854 

6 

142 

Ti02  -  burkite 

200 

6 

30 

Zr02  . 

1980 

7(^) 

270 

Sn02 . . 

1550 

7 

220 

of  completely  coordinated  gels,  as  is  clear,  for  example  for  ice  as  a  result  of 
the  disintegration  of  its  fragments  into  separate  prisms  during  melting,  or  as 
can  be  seen  from  the  way  the  development  of  crystallization  takes  place  in  molten 
silica,  depending  on  the  slowness  of  cooling.-  This  hypothesis  would  also  ex¬ 
plain  the  low  value  of  for  PbO,  as  the  rapid  loss  of  water  by  the  Pb"*"*"  ions 

leads  to  the  rapid  development  of  the  crystallization  of  PbO,  and  this  in  turn 
leads  to  the  indefiniteness  of  its  crystal  structure,  and  to  the  ease  of  split¬ 
ting  it  into  separate  portions. 

A  low  value  of  the  hardness,  i,e.,  a  combination  of  the  hardness  of  similar 
crystals,  as  a  result  of  the  Instability  of  the  bonds  between  crystallo-poly- 
lons  which  develop  from  different  -initial  crystals,  such  as  is  observed,  for  ex¬ 
ample,  with  kaolin  =  2.5  and  10°,  melting  point  very  high),  would  have 

to  be  called  average  hardness . 

Finally,  apparently,  the  hardness  of  ice  E(CK)  is  so  small  and  its  Kq^.  is 
so  small  (62,000)  in  comparison  with  those  of  Li(OH)  (120,000)  and  NaOH  (180,000) 
because  ordinary  ice  is  the  same  kind  of  gel  as  is  formed  from  the  basic  incip¬ 
ient  crystals  of  tridymite  and  the  ions  of  water,  joined  on  to  them  in  the  man¬ 
ner  of  quartz.  However,  in  ice,  the  complete  similarity  between  the  composi¬ 
tion  of  the  basic  incipient  crystals  and  the  water  which  is  weakly  attached  to 
them  leads  to  the  impossibility  of  distinguishing  between  these  parts.  None 
the  less,  every  one  knows  about  the  intergrovth  of  long  needles  (the  basic  in¬ 
cipient  crystals),  which  has  been  observed  especially  during  the  early  part  of 
Spring,  when  fine  layers  of  ice  (secondary  crystallization)  are  frequently  formed 
between  the  basic  thick  needles  or  rods.  This  has  been  confirmed  by  what  N.N. 
Stulov  has  found  with  regard  to  spring  freezing,  and  in  the  journal  "Nature'* 
(19^8)  there  is  a  description  of  crystals  of  ice  similar  to  quartz  (rock  crystal) 
with  a  dimension  of  0,75  Therefore,  at  low  temperatures  water  is  a  colloid 
solution  of  quartz-like  incipient  crystals  (EOK)^,  in  liquid  water  [H(0H)]n. 


for  oxides  is  low,  i-e. 


SUMMARY 

1.  Kcr.  calculated  from  the  formula  Kcr, 


0,5c-do 

at 


it  is  less  than  'J'^,000  atmospheres  for  ice,  for  oxides  sol'-'ble  in  water,  and 
for  PbO. 

2:  The  of  oxides  which  give  colloidal  solutions,  gel-like  precipitates, 

or  gels,  is  above  250,000  atmospheres. 

5.  The  Kcr.  o-  oxides  which  easily  fo;rm  gels  (AI2O3  and  Si02)  is  not  the 
highest  among  the  oxides. 

k.  For  the  formation  of  gels,  not  only  is  a  sufficiently  high  value  of 
heeded,  but  most  Important  of  all,  the  ability  to  give  long  fine  needle-like 
crystals. 

5.  The  ratio  between  K^r.  'the  m.p.  for  oxides  fluctuates  within  rela¬ 

tively  narrow  limits  (from  1  to  50) • 

6.  The  ratio  between  and  the  hardness  (mineralogical)  fluctuates  over 

a  very  wide  range  (from  10  to  5^0) • 

.  \ 

7.  As  an  explanation  of  the  difference  between  (5)  and  (6)  and  in  addition 

of  the  lack  of  relationship  between  Kcr.  (very  high)  and  Hjyf  (low)  in  kaolinlte 
it  is  suggested  that  the  hardness  cf  crystals  be  distinguished  frcm  the 

hardness  of  the  mi neral,  as  tr.e  latter  is  a  ccncretion  or  fully  coordinated  gel 
(average  hardness  . 

8.  The  K(-^^  of  aqueous  alkaline  oxides  falls  sharply  from  LiOH  to  KOH,  cor¬ 
responding  to  the  decrease  in  the  coordinating  strength  of  the  cations, 

9.  The  Kcr;  of  anhydrous  acids  is  in  general  low,  but  it  increases  with  an 
increase  in  the  valence  of  the  anion r 

10.  Ice  I,  judging  from  its  relatively  high  K^.^,  ,  its  relatively  high 
Kcr.*M*P»  ratio,  equal  to  8.0,  and  its  relatively  low  K-r. "Hm  ratio,  must  be 
considered  to  be  not  a  continuous  cr>£tal,  but  an  almost  completely  coordinated 
gel,  while  water  itself  at  low  temperatures  is  a  colloidal  solution  of  incipient 
crystals  of  (HOHjn  in  liquid  water  [E(0H)]r-.. 
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THE  NATURE  OF  CRYSTALS 


V  ON  THE  INTEKATOf.lIC  LINTCAGE  OF  SLT.FIDE  COMPOUNDS 


I 

V.  Kurbatov 


Sulfide  compounds  have  a  considerable  significance  as  metallic  ores,  and 
are  utilized  in  laboratory  practice,  because  of  the  differences  in  solubility, 
for  the  separation  of  cations. 

The  number  of  sulfide  compounds  for  which  0  or  3a.  has  been  determined  is 
not  great,  and  therefore  the  values  of  Kcr.  are  calculated'  for  ten  binary  and 
thr?e ■ 'te’rnary  compounds,  as  listed  in  Table  1 

TABLE  1 


The  values  of  Kq^.,  for  sulfide  compounds 


Substance 

C 

3  =  3a 

Kcr 

CaS . . . 

0.159 

2.25 

0,0451  • 

145,000  . 

BaS  . . . 

0.069 

4.25 

O.O3IO2 

593,000 

PbS  . ,  .  . . . . . .  • 

O.OU7 

7.5 

O.O459 

123,000 

MnS  . . 

0,137 

4.0 

O.O4429 

263,000 

ZnS  (Zinc  blende)  . . 

0.115.  . 

4.01 

O.O4I81 

642,000 

Pyrrhotite 

0,146 

4.61 

0,0490 

155,000 

MnS2 

0,154 

3.‘*5 

0,04227 

382,000 

0,130 

5 '05 

O.O442 

327,000 

AgaSbSa  Pyrarg^crite  .  =  . . 

0,  C66 

5,83 

0 , 000024 

330,000 

CuaSbS^  Tetrahedrite  . . , 

0.103 

5.1 

0 . 0000252 

430,000 

Cfu5FeS4  Bornite 

0.137 

50 

0,0000492 

297,000 

It  is  clear  from  Table  1  that  ZnS  and  BaS  have  especially  high  values  of 
Kcr..  remaining  values  fluctuate  from  120,000  (PbS)  to  380^0^0  (for  MnSs) , 
With  regard  to  sulfide  compounds  it  is  impossible  to  speak  of  a  melting  point, 
because  they  ei'*’her  decompose  or  sublime  without  melting  (like  EgS)  ,  Hence, 
the  lack  of  agreement  in  the  determination  of  the  melting  point  also  for  mag¬ 
netic  p>Tites  (pyrrhotite) ,  whose  m,p,  according  to  Treichke  (1906)  was  1300°, 
according  to  Borneman  (1909)  ll60° ,  according  to  LeChatelier  (1902)  950°,  and 
according  to  Ginshan  925° •  That  is  why  it  is  not  only  impossible  to  make  a 
comparison  of  K-r,  3-^^  the  m.p,,  but  why  we  are  forced  to  assume  that  the  melt¬ 
ing  of  sulfide  compounds  is  decomposition, 

A  comparison  of  Kcr.  with  the  mlneralogical  hardness  is  given  in  Table  2. 


Thus,  if  wc  exclude  zinc  blende,,  sulfides  like  PbS,  whose  structure  is  of 
•  the  NaCl  type  (the  structure  of  ZnS  is  of  the  diamond  type)  have  on  an  average 
a  ratio  of  (K-r,’10  equal  to  55^  with  the  greatest  deviation  equaling 

To  these  compcunds  there  may  be  added,  accorditg  to  the  values  found,  FeS2  and 
Sb2S3 .  On  the  other  hand,  ZnS,  MnS,  pyrrhctite,  and  tetrahedrite  have  a  structur 


differi'ig  frcis  NaOH^  a  ratio  cl'^se  to  1-6.  with  *he  grva^ 
There  remains  the  question  of  +he  ratio  between  K-^.^  and 
As  is  clear  from  Table  3,  only  compounds  of  the  type  Rf 
or  the  genuine  sulfo  salts  (pyrargyrite,  tetrahedrite , 


"es*  ■i'jviatio’'  -  to 
solubility  in  water, 
and  ,  and  not 
bcriiite)  are  soluble 


TABLE  2 


Comparison  of  solubility  and  K--j.  for  sulfide  compounds 


Substance 

Kcr.-10-2 

% 

Kcr=HM 

FbS  . . . 

123 

2,5 

50 

MnS  . 

263 

4 

66 

ZnS 

642 

4 

160 

HgS  . 

182 

2.5 

73 

Pyrrhotite  .... 

15^ 

4 

39 

MnS2  . 

382 

4 

96 

FeSs _ _ _ 

327 

6.5 

50 

Sb253 

154 

2 

77 

Pyrargyrite  . , 

330 

2.5 

124 

Tetrahedrite  . 

430 

4 

108 

Bornite  ...... 

297 

3 

99 

Thus,  crystals  which  contain  an  excess  of  sulfur,  i  e,,  pyrrhotite  (from 
FesSe  to  FeiaSiy) ,  MnS^,  and  FeS^,  are  completely  insoluble  in  water,  as  such. 
However,  all  of  these,  and  especially  FeS2,  easily  undergo  oxidation  in  the 
presence  of  water,  and  are  transformed  into  the  corresponding  sulfates,  the 
sulfur  of  FeS  being  oxidized  to  give  FeS04=  CaS  and  EaS  are  soluble,  but  in 
the  form  of  Ca^SK)2  and  Ba(SH)2i  the  coefficients  of  expansion  of  these  compounds 
being  still  undetermined.  Under  the  action  of  water,  these  compounds  are  par¬ 
tially  transformed  into  Ca(0H)2  and  Ba(0H)2* 


PbS,  MnS,  and  ZnS  dissolve 
when  freshly  precipitated,  i.e., 
before  they  have  lost  all  their 
colloidal  properties,  or,  what 
amount?  to  the  same  thing,  so 
Icng^as  they  maintain  part  of 
their  hydroxyls  and  sulfoxyls, 
but  they  do  not  dissolve  if  they 
have  crystallized,  like  miner¬ 
als.  There  is  no  doubt  that  de¬ 
spite  the  fact  that  oxygen  and 
sulfur  are  in  a  single  subgroup 
of  the  Mendeleev  Table,  when 
sulfur  replaces  oxygen  (as,  for 
example  in  Na2[S(04)]  and 
Na2 [5(503)],  vhirh  are  similar 
in  their  stability  when  in  crys¬ 
tal  form)  it  is  the  sulfur  that 
oxidizes,  as  for  example 
FeS  -3-  FeS04. 


TABLE  3 


Comparison  of  solubility  and  for 

■  sulfide  compounds 


Substance 

X.p"  10‘^~ 

Solubility 

CaS 

ir\ 

r-< 

Transformed  into 
mixture  of  Ca(OH), 
and  Ca(SH)2 

BaS  ...... 

593 

Transformed  into 
mixture  of  Ba(OH); 

and  Ea(’SK)2 

PbS  ....... 

123  . 

10  ' 

^freshly 

MnS  ...... 

263 

6-  lO""^ 

ZnS  ...... 

642 

7'10"'^, 

precip. 

Pyrrhotite 

155 

( 

D 

MnSp  .  = . -  - 

382 

( 

D 

FeS2  . - .  =  ^ 

327 

0 

Sb2S2  .  i .  ' 

154 

10“^^ 

Therefore,  in  the  electron 

structure  of  the  oxides  and  culfide*^  there  is  ac'*ua]ly  a  lack  oi'  uniformity,  and 
this  is  expressed  chiefly  in  the  difference,  in  ’'alues  of  their  electrical  con¬ 
ductivity,  compared  in  Table  4. 

.  /  : ;  • 

’  The ‘average  value  of  for  the  oxides  equals  10^®,  e..cept  for  the  very 
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TABLE  h 


Comparison  of  electrical  conductivity  of  o'-’,..  ;’r.:=  o‘"  -.I'llii.  co*:T.oundr. 
^<1  with  the  electrical  conductivity  of  t  r  •  c 'r r  r metal  r  ('‘■n) 


Substance 

T® 

’"I 

Correspond • 
ing  metal 

■<•11  ' 

’^II 

^I 

MgO . 

0* 

10'^^ 

Mg 

250,000 

2ao^® 

CU20 . 

20' 

250 

Cu 

650,000 

2500 

CuO . 

20 

25 

Cu 

650,000 

2500 

CdO . 

0 

850 

Cd 

147,000 

140 

Magnetite  .... 

17 

16.8 

Fe 

115,000 

6600 

Iron  glance  . . 

0 

2 

Fe 

115,000 

57000 

CopO^ 

18 

150 

Co 

105,000 

800 

Quartz  . 

100 

•  10“® 

Si 

17,000 

2*10^2 

Zr02  . . . . 

0 

10"^-^ 

Zr 

550,000 

3“ 10^® 

Mn02 . 

0 

16 

Mn 

250,000 

18,000 

Pb02  . . 

20 

5 

Pb 

51,000 

10,000 

CU2S 

20 

91 

Cu 

650,000 

6,900 

CuS 

1  20 

800 

Cu 

650,000 

•  7,800 

FeS . .  .  -  ,  . 

’  20 

10 

Fe 

115,000 

11,500 

Pyrrhotite  . . . 

20 

119 

Fe 

113,000 

940 

Chalcopyrite  , 

20 

9800 

Cu 

650,000 

1  84 

Fe 

115,000 

Pyr ite  0 

20 

42 

Fe 

115,000 

2,700 

Galena  ....... 

20 

580 

Pb 

51,000 

134 

Sulfur  ....... 

69 

0.5“10'^® 

stable  MgO,  SiOa,  and  Zr02,  which  have  values  of  l?,OCOj  for  the  sulfide  com¬ 
pounds  it  equals  3^700.  If  we  put  aside  the  extremely  high  values  for  MgO  and 
Zr02,  the  ratio  appears  equal  to  15,000,  with  the  greatest  fluctuation  from 
lUO  (CdO  and  Cd)  to  57,000  and  Fe),  For  sulfide  compounds,  the  same 

ratio  appears  equal  to  i+,500,  with  the  greatest  fluctuation  from  8^^  to  11,500. 

In  other  words,  most  of  the  observed  values  of  sulfido  compounds 

are  2/5  of  the  same  values  for  the  oxides,  and  the  a.v^;ragc  valu.e  is  one  third 
that  for  the  oxides.  However,  if  we  consider  quarts,  ZiTO-,  Sn02,  Al20:»,  CaO, 

and  probably  all  the  sesquioxides  of  the  rare  earth  elements,  then  the  ratio 

appears  to  be  of  the  order  of  10  i,e=,  dif  f»-‘ rcnces  between  the 

relatively  well  conducting  sulfide  compounds  and  the  extremely  badly  conducting 
oxide  compounds  appears  very  great.  In  addition^  the  electrical  conductivity  of 
sulfur  itself  is  extremely  low  (l0’~-).  It  is  obvious  that  crystals  of  the  sulf 
ide  compounds  which  do  not  have  an  extremely  high  degree  of  hardness  (as  Is 
evident  from  Table  have  a  porous  structure,  so  that  the  transfer  of  electrons 
from  one  atom  of  the  metal  to  another  is  possible.  It  is  impossible  also  not  to 
note  that  the  sulfide  compounds  easily  form  colloidal  precipitates  which  are 
difficult  to  filter,  and  even  colloidal  solutions,  provided  only  that  the  solu¬ 
tion  does  not  contain  a  sufficiently  high  concentration  of  electrolytes  (exam¬ 
ples  are  CdS,  AS2S3,  etc.)  This,  In  all  probability,  is  related  to  the  forma¬ 
tion  of  polysulfide  compounds  and  to  the  ease  of  reactions  of  the  type 

nCd(SH)2-;^'-  n  {in.  ,  "[CdS]-*'.  .  .  (SH)'}  ril(SH)  + 

+  (n  -  m)  {iT^.  .  r  [CdS]  .  (?H) 'f  +  (CdSjn,, 

which  must  take  place  still  more  easily  with  polysulfide  compounds.  They  are 
widely  employed  for  the  preparation  of  the  pigments  CdS,  ZnS,  and  Sb2S3.  Thus, 
crystals  of  the  sulfide  compounds,  and  especially,  the.  natural  minerals. 


frequently  contain  an  excess  of  sulf'ur  [cf 
nust  be  considered  as  the  limiting  forms  of 
more  correctly,  of  gelatinous  pre':  ipitates, 
antimonite,  galena,  sphalerite,  virtzite,  c 


fur’'rier  Fef;,  Nif,  Cwf,  et-.  and 
the  cocrdina"^  ion  of  :olloidal,  or, 
this  is  doubtless  true  of  realgar, 
inr.abar  ,  meta :  innabarite ,  miller  ite. 


pyrite,  chalcocite,  p:y'rargyr ite ,  stephanite,  and  in  many  cases  for  chalcocite 
fend  arsenop^Tite.  This  results  in  the  forma-"  ion  from  hot  solutions  of  colloidal 
solutions,  and  the  transformation  of  these  into  gelatinous  precipitates,  with 
the  gradual  coordination  of  the  entire  gel,  but  with  the  evolution  at  the  same 
time  of  HSH,  i.e-,  dehydrcsulf idat ion  (analogous  to  dehydration)  takes  place, 
and  the  apparently  peculiar  formulas  of  various  sulfide  compounds  which  are 
widespread  in  nature  are  formed  Among  them  are  polybasite . AgieSb2Si2^  stephan¬ 
ite  AgioSb2S8,  perseite,  Asie^2Si2,  polyargyrite  Ag24Sb2Si5,  ultrabasite  . 
Agi2P^i2Ge2Sb2S5o,  epigenite  Cu6Fe3As2Si2,  franckeite  Pb5Sn2Sb2Si2^  boulangerlte 
Pb5Sb4Sii,  etc. 


It  is  especially  noteworthy  that  FeS,  CoS,  NiS,  and  FeSe,  which  crystallize 
according  to  the  NiAs  type  (around  each  Ni  there  are  6  As  atoms  at  the  angles 
of  a  deformed  octahedron,  and  around  each  As  6  Ni  atoms  at  the  peaks  of  an  equi¬ 
lateral  th-ree-faced  prism)  have  an  excess  of  S  (or  of  selenium,  respectively, 
in  selenium  compounds,  etc),  as  compared  to  the  formula  RS. 


At  the  same  time,  an  Investigation  by  means  of  x-rays  shows  that  pyrite 
(C0S2,  NiS2,  RUS2)  has  a  face-centered  cubic  structure  of  Fe  (or  Mn,  Ni,  Co, 
etc.,  corresponding  to  it)  and  groups  of  two  atoms  -S-S-;  marcasite  also  has 
groups  of  two  atoms  -S^S-. 

Thus,  from  a  comparison  of  the  Kcr.  oF  crystals  of  sulfide  compounds  with 
the  Kcr.  oF  the  crystals  of  oxides,  and  also  from  a  comparison  of  the  electrical 
conductivities  of  sulfide  and  oxide  compounds  or  the  ratio  of  these  electrical 
conductivities  to  the  electrical  conductivities  of  the  sulfides,  it  is  obvious 
1)  that  the  sulfide  compounds  are  constructed  in  a  more  porous  manner  (with  the  . 
exception  of  sphalerite)  than  the  oxides,  2)  and  that  in  the  majority  of  cases 
they  must  be  regarded  not  as  salt  crystals  consisting  of  ions  of  opposite  charges 
but  as  limits  of  the  coordination  of  gels  with  the  possible  presence  of  excess 
sulfur.  The  possibility  of  the  formation  of  colloidal  and  gelatinous  precip¬ 
itates  depends  on  the  fact  that  the  higher  sulfide  compounds,  like,  for  example, 
the  relatively  very  stable  FeS2  in  the  absence  of  the  corresponding  Fe02,  are 
easily  formed. 

Thus,  during  the  formation  of  the  natural  sulfide  minerals,  the  tendency  of 
the  sulfur  to  form  polyion  compo-unds  of  the  type  of  hydrogen  polysulfide  is  of 
basic  significances 


2S  H  H(SK)  -r  E(SE)  ES(SH),  +  (RS)‘(SH), 

.11  II  ■  II  1  it  II  I 

as  upon  further  reaction  this  must  lead  to  the  formation  of  colloidal  sulfur 
E[S.  .,Sn.,-.S(SH)]. 


Therefore,  both  in  crystals  and  in  natural  minerals,  there  is  frequently 
an  excess  of  sulfur,  but  in  the  form  of  a  direct  excess  in  iron  sulfide,  and  in 
the  group  — S-S-  in  pyrites-  This  is  dependen"*  upon  Ihe  fact  that  sulfur  has  a 
more  amphoteric  character  than  oxygen,  and  therefore  the  electrical  'resistance 
of  the  oxides  may  be.  very  high,  this  is  no*  observed  in  the  case  of  sulfide  com¬ 
pounds.  The  latter,  especially  the  natural  minerals,  in  general  have  both  a 
fS’irly  hign  value  of  the  ele''tronic  condu''t  i-'ity  and  very  commonly  a  metallic  • 
luster,  corresponding  to  this  Al*hough  the  la*'tice  of  pyrites,  for  exam.ple,  is 
close  to  tnat  of  the  typical  salt  'Nafi  or  .'aC-  type,  v;  *h  r.-;bst  itu*"  ion  of  the 
halr.gen  by  i  e.,  the  atoms  oi‘  s’.ifur  art*  twice  as  miony  as  ‘♦’hose  of  oxygen 

in  CaO/ ,  ana  aliho'jgh  the  la'f'tice  of  PbS  is  the  same  as  that  of  typical  salts, 
none  the  less,  it  is  as  if  there  were  two  lattices  (one  of  iro.  atoms,  the  other 
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of  S2  groups  in  pyrites}  one  of  lead  atoms,  the  other  of  S  atoms  in  galena,  PbS) , 
to  a  considerable  extent  independent  of  each  other,  so  that,  for  example,  the 
electrical  conductivity  of  Pb  is  13^  times  as  great  as  that  of  PbS.  This  fact 
is  apparently  related  to  the  use  of  minerals  the  Pb  type  as  detectors,  and  at 
the  same  time  it  shows  that  the  transfer  from  the  solution  to  the  crystalline 
condition  of  the  ions  Pb Sn(SH)  takes  place  by  way  of  a  gelatinous  condition. 

This  latter  fact,  in  addition,  explains  the  peculiar  nature  of  the  melting 
of  typical  sulfide  compounds,  which  is  not  sc  much  melting  as  softening  with 
simultaneous  decomposition,  as  if  grains  of  metal  were  distributed  in  molten 
sulfur. 

The  relative  independence  of  the  metallic  lattice  of  the  pyrite  compounds, 
as  if  it  were  squeezed  into  a  spatial  lattice  of  sulfur  (frequently  of  polyions) 
also  results  in  the  presence  of  a  metallic  luster,  which  attracted  the  attention 
of  humanity,  when  the  stocks  of  natural  gold  were  exhausted.  The  relatively  low 
melting  point,  i.e.,  decomposition  point,  permitted  the  extraction  of  the  metal, 
(Pb,  Cu)  with  very  primitive  methods  of  heating.  The  easy  oxidizability  to  give 
compounds  which  could  be  easily  and  stably  hydrated,  and  crystalline  salts  with 
bivalent  ions,  made  the  pyrite  compounds  the  first  typically  chemical  products 
for  humanity,  and  the  first  sources  of  materials  for  the  production  of  bronze 
tools . 

SUMMARY 

1.  The  of  sulfide  compounds  of  polyvalent  ions  is  in  general  above 

100,000  atmospheres. 

2.  The  highest  calculated  value  of  is  attained  by  ZnS,  with  its  diamond 

like  structure. 

3.  The  ratio  of  Kc;^.  to  the  m.p.  for  sulfide  compounds  varies  within  rela¬ 
tively  narrow  limits, 

4.  On  an  average,  the  ratio  between  the  electrical  conductivities  of  sulf¬ 
ide  compounds  and  those  of  the  corresponding  metals  is  considerably  higher  than 
for  the  oxides  and  the  m.etals  corresponding  to  them.  The  crystals  of  sulfide 
compounds  can  not  be  considered  to  be  insulators. 

5.  The  crystals  of  sulfide  compounds  are  not  only  the  results  of  the  aging 
of  sulfhydrate  gels,  but  must  also  be  regarded  as  coordination  limits  of  sulfide 
(sulfoxide)  gels. 

6.  The  assumption  that  sulfide  minerals  are  formed  as  the  result  of  aging 
and  as  coordination  limits  of  gels  explains,  a)  the  character  of  the  melting  of 
sulfides}  b)  the  character  and  the  relatively  high  value  of  their  electrical 
conductivity}  c)  the  presence  in  many  natural  sulfide  compounds  of  a  metallic 
luster;  d)  the  frequent  occurrence  of  excess  sulfur  in  sulfide  minerals  or  the 
presence  in  them  of  the  — S— S—  group}  e)  the  ease  of  formation  of  polysulfide 
compounds . 
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THE  ELECTRICAL  CONDUCTIVITY  OF  AQUEOUS  SOLUTIONS 


OF  SODIUM  SULFOSALTS  OF  ANTIMONY  (NajSbSa  OH^O) 


G.  E.  Lurye.  S.  I.  Sklyarenko  and  G  E.  Kaplan 
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The  objective  of  the  present  work  was  to  obtain  data  not  now  to  be  found 
in  the  literature  on  the  electrical  conductivity  of  aqueous  solutions  of  sulfo- 
salts  of  antimony  at  various  temperatures,  and  also  to  measure  the  electrical 
conductivity  of  the  sulfosalts  in  aqueous  solutions  of  sodium  hydroxide  and  sod¬ 
ium  sulfide.  At  our  disposal  we  had  the  purest  guaranteed  sodium  hydroxide  and 
chemically  pure  sodium  sulfide  (highest  quality) ,  We  prepared  the  sulfosalt  of 
antimony  by  the  method  described  below.  Despite  its  apparent  simplicity,  this 
method  does  not  always  lead  to  positive  results;  therefore  we  have  dealt  in  some¬ 
what  greater  detail  with  a  description  of  the  preparation  of  the  sulfosalt. 

The  sulfo  salt  was  obtained  from  freshly  prepared  chemically  pure  antimony 
sulfide  and  chemically  pure  sodium  sulfide  in  the  following  manner.  A  solution 
of  sodium  sulfide  was  prepared  which  was  saturated  at  ^0° .  Small  portions  of 
antimony  sulfide  were  dissolved  in  this  solution,  each  of  the  latter  portions  of 
antimony  sulfide  being  aided  after  the  solution  of  the  former  portion.  During 
solution,  the  temperature  was  maintained  within  the  limits  55-^0* •  Solution  was 
continued  until  the  solution  was  saturated  with  antimony  sulfide.  The  solution 
obtained  was  carefully  filtered  while  hot.  The  filtrate  was  quickly  cooled  with 
ice  water,  and  as  a  result  fine  crystals  of  the  sulfosalt  precipitated.  After' 
all  the  crystals  had  settled  out  on  the  bottom  of  the  flask,  the  liquid  was  de¬ 
canted  off,  and  the  crystals  were  twice  washed  quickly  with  ice  water  by  decant¬ 
ation.  The  crystals  were  then  dissolved  in  a  small  amount  of  water  at  60® .  The 
solution  was  filtered  into  a  porcelain  dish,  and  slowly  coded  under  a  glass 
bell.  Upon  cooling,  large  transparent  crystals  of  the  correct  shape  precipitated 
from  the  solution,  they  were  greenish-yellow  (lemon-colored),  and  had  a  con¬ 
siderable  ability  to  refract  light. 

The  dried  crystals  were  not  stable,  and  decomposed  to  give  antimony  sulfide 
and  sodium  sulfide.  The  crystals  could  be  kept  under  a  layer  of  the  saturated 
solution  for  a  very  long  time  without  changing.  The  product  was  analyzed  for 
its  content  of  sulf'ur  and  antimony.  The  sulfur  was  determined  lodometrically 
and  the  antimony  by  the  usual  bromate  method.  Analysis  gave  the  following  re¬ 
sults  : 

Na3SbS3  9H2O.  Obtained  S  20,95 » 

Na3SbS3 -91:20,  Computed  S  21,U2  = 

Na3SbS3 '9H2O.  Obtained  Sb  27^24. 

Na3SbS3 -9K2O,  Cpmputed  Sb  27.11. 

Thus,'  the  product  obtained  by  us  was  *  he  pure  sodium  salt  of  sulfoant  imonous 
acid,  Na2SbS2 • 9H2O.  For  the  preparation  of  aqueous  solutions,  crystals  of  the 
sulfosalt  were  vaslned  twice  with  small  amouiits  of  ice  water  and  squeezed  dry  be¬ 
tween  sheets  of  porous  filter  paper.  Then  the  amount  of  sampl.e  needed  was  taken 


and  dissolved  in  a  graduated  ^0  xl  flask  T 
the  tecperature  of  the  experiment ,  From  the 
a  third  to  a  fifth  of  the  concentration  were 


e  vo:v.xe  vas  up  ‘o  ’’he  mark 

orifirinal  £o'u*ion,  soluticn*  of  from 
prepared  by  subsequen*'  dilu*-ion 


The  aqueous  solutions  :cntainins  the  sulfo-alt  and  sodium  hydroxide  cr  sulf¬ 
ide  were  obtained  by  disrolving  the  required  amount  of  samples  of  sulfcsalt  and 
sodium  hydroxide  or  sulfide  in  a  gradua*ed  flaik  with  a  capacity  of  pO  cil. 


The  electrical  conductivity  vas  determined  by  us  by  the  usual  Kohlrausch 
method.  As  the  source  of  current  we  used  a  lamp  generator  of  sonic  frequency. 

The  little  vessel  for  the  measurement  of  the  electrical  conductivity  had  a  cylin¬ 
drical  shape.  The  electrodes  (of  platinized  platinum)  were  permanently  sealed 
opposite  each  other  in  the  walls  of  the  vessel  The  vessel  vas  placed  in  a 
thermostat,  whose  temperature  fluctuation  did  not  exceed  0  05  at  20  and  25®  and 
0.25  at  60®.  The  acc'uracy  of  the  measurements  of  our  apparatus  amounted  to  I.5 
to  2^  of  the  measured  values  Starting  with  this,  we  later  rounded  off  the  ob¬ 
tained  values  of  the  electrical  conductivity  to  the  third  significant  figure, 
and  we  estimate  their  accuracy  as  being  within  the  limits  +  2^. 


TABLE  1 


Electrical  conductivity  of  aqueous  solutions  of  sulfosalts  at  20® 


Dilution 

Conc( 

?ntration  ’  H 

Electrica! 

I  conductivity 

Na3SbS3‘9H20 

NaaSbSa  9E2O 

Specific  V.  10^ 

_ _ _  _ ^ 

Molecular  X 

(mol. /l) 

(g/liter ) 

(mol r /liter) 

(0hm*^cm~^ ' 

r - 

( ohm  ^cm^  } 

1.528 

2939 

0.6545 

9.35 

143 

2.002 

224.1 

0.4990 

8.05 

161 

2.465 

182.1 

0.4055 

6.87 

169 

3.045 

147.5 

0.3284 

5.78 

176 

3.990  , 

112.5 

0.2505 

4.66 

186 

4.910 

99.43 

0,2036 

5.90 

192 

6.060 

74.06 

0,1649 

3.25 

197 

7.960 

56.47 

0,1257 

2.60 

207 

9.790 

45,88 

0.1022 

2,l4 

209 

12.06 

57.18 

0.0828 

1,7^ 

210 

15.86 

28.35 

0  0631 

1.43 

226 

19.48 

23.04 

0.0513 

1  17 

228 

23.50 

19.10 

0.0425  ■ 

1.01 

237 

53.20 

8.458 

0.0188 

0.494 

262 

106.4 

4.243 

0,00945 

0  258 

273 

The  electrical  conductivity  of  aqueous  solutions  of  sulfosalts  was 
measured  at  20,  25,  and  60* ,  and  the  ele.'trical  conductivity  of  sulfosalts  in 
aqueous  solutions  of  sodium  hydroxide,  and  sodium  sulfide  at  20®.  The  re¬ 
sults  of  the  measurements  are  given  in  Tables  1  to  U.  These  results  are  average 
values  of  two  parallel  determinations,  which  differ  from  each  other  by  not  more 
than  2^. 

The  molecular  electrical  conductivity  of  NaifbS^  9^20^  sis  can  be  seen 
from  the  experimental  results,  increases  as  the  con'* entrat ion  decreases,  and  its 
dependence  on  the  c on: entrat ion  has  a  normal  chara'rter  (Fig.  l).  This  dependence 
as  can  be  seen  from  Figs.  2  and  for  solutions  with  a  concentration  of  0.1 
mol/liter  and  higher,  obeys  the-  square  root  lav,  and  may  be  '■alculated  from  the 
equation  A  -  A  -  B  ■\fc,  for  solvations  of  lov^r  '  oncentration,  it  obeys  the  cube 
root  lav,  and  may  be  calv'*ulated  according  to  the  equation  ^  -  A'  ~  B'  where 
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TABLE  2 


Electrical  conductivity  of  aqueous  solu-^ions  of  sulfosalts  at  25*" 


Dilution 

j  Con-: 

:entraticn 

EIe'*trical 

•‘onduct  ivity 

NaaSbSa 

1  Na3S'oS3  _;.H20 

Specific  K-lO^ 

Molecular, ^ 

(mol, /liter) 

(f^/llter ) 

(mol • /liter) 

•  ohm  •‘‘crn"!) 

(ohm'-cms) 

1.780 

252.6 

0.5621 

9.78 

174 

1.965 

228.5 

0,5089 

9,04 

177 

2.567 

189.5 

0.4221 

7.85 

186 

3.050 

147.1 

0, 3281 

6,54 

199 

3.533 

127.0 

0.2830 

5.79 

204 

5.906 

114.8 

0.2561 

5.24 

205 

It.  715 

95.25  1 

0.2121 

4.52 

213 

6.065 

75.76 

0.1643 

3.64 

214 

7.035 

63,65 

0.1422 

3.19 

222 

9.425 

47.80 

0.1061 

2,40 

226 

12.11 

37.05 

0,0826 

1,91 

232 

14.00 

31.97 

0,0714 

1.70 

238 

15.05 

26.95 

0, 0664 

1>59 

240 

18,00 

25,41 

0  0558 

1.43 

1  257 

24.15 

18,61 

0.0414 

1.08 

261 

35.33 

!  12,72 

0,0283 

0.769 

272 

46.30 

9.713 

1  0.0216 

0-591 

273 

69.90 

6.440 

0.0143 

0,415 

290 

138.8 

3.231 

0.0072 

0,221 

307 

TABLE  3 


Electrical  conductivity  of  aqueous  solutions  of  sulfosalts  at  60® 


Dilution 

1  Concentration 

[  Electrical  conductivity 

Na2SbS3=9HpO 

1  Na^SbS^  9H2O 

Specific  10^ 

Molecular  A 

(mol, /liter) 

(g/liter; 

(mol , /liter ) 

Tohm~icm~i) 

(ohm"^cm2) 

■  0,756 

593.1 

1,321 

26,9 

203 

0,917 

489.4 

1.090 

25.4 

233 

1.001 

446,4 

1 . 9940 

24,3 

244 

1,207 

571-8 

0.8279 

22,1 

267 

1.528 

293.9 

0,6545 

19.0  i 

290 

2.002 

224,1 

0  4990 

15.9 

320 

2.465 

182,1 

0.4055 

13.7 

336 

3.045 

l't7.5 

0,3284 

11,4 

547 

3.990 

112.5 

0,2505 

9.29 

372 

4.910 

91.45 

0.2036  ■ 

7.77 

382 

'  6.060 

74.06 

0.1649 

6,49 

393 

7.960 

56.47 

0.1257 

5.17 

412 

9.790 

45.88 

0.1022 

4,27 

1  417 

12.06 

57.18 

0.0828 

3,46 

4i8 

15.86 

28.55 

0,0651 

2,87 

455 

19.48 

23,04 

0.0513 

2.49 

485 

23.50 

19.10 

0,0425 

2.09 

491 

53.20 

8,458 

0,0188 

0,985 

523 
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TABLE  k 


Electrical  conductivity  of  the  sulfosalt  in  aqueous  solutions  of  sodium 

sulfide  and  caustic  soda  at  20^^ 


Concentration  of 
Na3SbS3‘9H20 

1  Ccncenmrat ic: 

n  of  NaOH 

ICO  g/liter  = 

0,L165  molA’ 

5u  g/liter  = 
0.2C52  mo 1/1. 

160  g/liter  1 
=  2.5  mol /I. 

50  g/liter 
_=  1,55  mol/l 

(g/llterj 

iggmyi 

(  X- 102'; 

102) 

“T  K-  1027— 

(^<••102) 

0 

0 

10.0 

5.48 

29.7 

18.5 

18, 

O.OUll 

10.3 

6.00 

29.5 

18.7 

36.88 

0.0821 

10.7 

6.57 

29.2 

19.0 

73.76 

0,i6U2 

11.4 

7.77 

28.6 

19.5 

18U.4 

0.4106 

13.4 

11,3  ■ 

26.9 

21,1 

TABLE  5 

The  values  of  the  constants  A,  B, 
A',  B'  at  different  temperatures 


Temp¬ 

era¬ 

ture, 

"C 

A  1 

B 

A' 

B' 

20 

247.5 

121,8 

53'*.  0 

279.2 

25 

270  cC 

150.0 

567.0 

311.2 

60 

498.0 

1256.0 

676.0 

555.0 

A,  B,  A' ,  and  B'  are  constants, 
and  C  is  the  concentration  in 
mol./li'ter.  The  values  of  the 
constants,  calculated  from  the 
experimental  data,  are  listed  in 
Table  5* 


Fig.  1.  Relationship  between  the  molec¬ 
ular  electrical  conductivity  of  Na3SbS3 
and  the  concentration. 


The  molecular  electrical 
conductivity  calculated  from  the 
corresponding  equations  differs 
from  the  experimental  value  by 

not  more  than  2^.  Only  for  dilute  solutions  at  60®  does  the  difference  between 
the  calculated  and  experimental  values  become  greater,  but  it  still  does  not  ex¬ 
ceed 


The  specific  molecular  conductivity  increases  as  the  concentration  rises, 
endeavoring  to  reach  some  maximum  (Figc  U).  Howevei',  It  is  obvious,  in  view  of 
the  relatively  small  molar  concentrations  of  even  almost  saturated  solutions,  that 
this  maximum  and  a  subsequent  lowering  of  the  specific  electrical  conductivity 
were  not  observed  during  the  experiment.  The  temperarure  coefficient  of  the 

electrical  conductivity  y-  — — •  is  positive  Its  value  does  not  depend  on 

y.20  A  t  ^  ^ 

the  concentration  and  is  approximately  equal  to  a  gradient  of  2^- 

The  results  of  the  measurement  of  the  electrical  conductivity  of  solu¬ 
tions  of  the  sulfosalt  in  solutions  of  sodium  hydroxide  and  sodium  sulfate  show 
'"'^able  U)  that;  l)  the  specific  electri:al  conductivity  of  the  solutions  of  the 
sulfosalt  in  solutions  containing  100  g/ lifer  and  ^0  g/liter  of  sodium  sulfide 
and  “iO  g/liter  of  sodium  hydroxide  is  greater  that  the  specific  electrical 
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Fig.  2.  Relationship  of  the  molecular 
electrical  conductivity  of  NaaSbSa  to 
the  square  root  of  the  concentration. 


0,</  0£  ox  Ox,  0-8  i  2 

cof^ce^rQxriOf^  C mole-  i.J 


Fig.  4.  Relatioi^hip  of  the  specific  elec¬ 
trical  conductivity  of  Na3SbS3  to  the 
concentration. 


Fig.  3*  Relationship  of  the  molec 
ular  electrical  conductivity  of 
IIa3SbS3  to  the  cube  root  of  the 
,  concentration. 


O  0.4  0.2  0.5  C» 

C £foce  'I  ^ 

Fig,  Relationship  of  the  spec¬ 
ific  electrical  conductivity  of 
solutions  of  sulfosalt  in  solu¬ 
tions  of  NaOH  and  Na^S  to  the  con¬ 
centration  of  the  sulfosalt, 

r-Na^S.^’aO  50  e/1.  II-Na^.S*  9H2O  100  e.^- 
III-K'aOH  50  g/1  IV-Naai  100  g/1. 


conductivity  of  the  corresponding  solutions  of  sodium  sulfide  and  sodium  hydrox¬ 
ide,  and  increases  as  the  concentration  of  the  sulfosal*-  increases,  2)  the  speilf 
ic  electrical  conductivity  cf  the  solution  of  sulfosalt  in  a  solution  contaihing 
100  g/liter  of  sodium  hydroxide  is  less  than  the  specific  electrical  conductivity 
of  the  corresponding  solution  of  sodium  hydroxide,  and  decreases  as  the  concen¬ 
tration  of  the  sulfosalt  increases.  The  specific  electrical  conductivity  of  the 
solutions  in  all  cases  fails  to  obey  the  addi'^ivity  Tav,  and  is  always  less  than 
the  sum  of  the  specific  electrical  conductivititles  of  the  solvent  and  the  sulfo¬ 
salt,  As  the  concentration  of  the  sulfosalt  in  the  solution  increases,  the  devla 
tlon  from  additivity  increases.  In  the  more  concentrated  solutions  of  sodium 
hydroxide  and  sodium  sulfide,  these  deviations  are  also  more  considerable. 

We  must  note  that,  as  is  evident  from  the  data  of  Fig.  "the  specific 
electrical  conductivities  of  all  the  solutions  of  the  sulfosalt  in  sodium  hydrox¬ 
ide  and  sodium  sulfide  depend  linearly  on  the  concentration  of  the  sulfosalt  in 
the  solution. 

SUMMARY 

1.  The  electrical  conductivity  of  solutions  of  the  sodium  sulfosalt  of 
antimony  has  been  measured  in  water  at  20,  25,  and  60® . 

2.  It  has  been  shown  that  the  relationship  between  the  specific  and  the 
molecular  electrical  conductivity  of  these  solutions  follow  basic  laws,  which 
are  known  to  hold  for  solutions  of  sti’ong  electrolytes, 

3.  Empirical  formulas  are  given  for  the  calculation  of  the  molecular 
electrical  conductivity  of  aqueous  solutions  of  the  sulfosalt  in  different  con¬ 
centrations  at  20,  25,  and  60® . 

4.  The  electrical  conductivity  of  solutions  of  the  sulfosalt  of  differ¬ 
ent  concentration  has  been  measured  at  20®  in  solutions  containing  100  g/llter 
and- 50  g/liter  respectively  of  sodium  hydroxide  and  sodium  sulfide. 

5-  Qualitatively  observed  laws  have  been  noted  during  the  work,  and  it 
has  been  shown  that  the  electrical  conductivity  of  these  solutions  deviates  from 
the  law  of  additivity. 

6,  It  has  been  shown  that  there  is  a  linear  relationship  between  the 
specific  electrical  conductivity  of  all  the  solutions  of  the  sulfosalt  investi¬ 
gated  in  the  solutions  of  sodium  hydroxide  and  sodium  sulfide,  and  the  concen¬ 
tration  of  the  sulfosalt’. 

Received  August  I8,  19^8. 
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THE  CLEAVAGE  OF  MACROMOLECULES  OF  NATURAL  HIGH  MOLECULAR 


COMPOUNDS  UNDER  THE  INFLUENCE  OF  y  RAYS  ‘ 


M.  A.  Khenokh 

The  Laboratory  of  Physical  Chemistry  of  the  Lesgafta  Natural  Science  Institute. 

Leningrad 


In  accordance  with  the  suggestion  of  Corresponding  Member  of  the  Academy 
of  Sciences  of  the  USSR  Prof«  I  I. Zhukov,  made  to  us  in  1939,  ve  have  carried  on 
Investigations  on  the  action  of  radium  rays  on  high-molecular  compounds.  As  far 
back  as  1930,  experimental  data  published  by  I. I. Zhukov  [i],  as  veil  as  results 
obtained  by  the  present  author  [2],  showed  that  under  the  influence  of  the  eman¬ 
ation  and  the  penetrating  rays  of  radium,  gelatin  underwent  cleavage  into  poly¬ 
peptide  chains,  and  that  irreversible  colloid-chemical  changes  took  place,  ac¬ 
companied  by  the  denaturation  of  the  protein.  Starch,  .like  gelatin,  upon  irrad¬ 
iation  with  radium,  underwent  profound  chemical  changes,  during  which  there  took 
place  the  rupture  of  the  chain  at  the  chief  valences,  •'■he  formation  of  dextrins 
among  the  products,  and  the  formation  of  organic  ^cids  [3],  We  have  encountered 
in  the  literature  no  indication  of  the  action  of  radioactive  radiation  on  poly- 
rsaccharides.  It  appeared  to  us,  however,  that  systematic  investigation  of  this 
question  was  of  definite  interest  for  the  chemistry  of  high  molecular  compounds, 
and  in  addition  had  considerable  significance  for  biology  and  medicine  Having 
in  view  the  investigation  of  chemical  processes  under  the  action  of  the  rays  of 
radium  on  high  molecular  compounds.  In  the  present  papers  we  present  a  continua¬ 
tion  of  earlier  published  work  dwelling  in  greater  detail  on  an  investi¬ 

gation  of  the  action  of  the  penetrating  radiation  on  starch,  induiin,  agar-agar, 
and  gum  arable. 

The  experiments  on  the  action  of  the  penetrating  radium  rays  were  car¬ 
ried  out  in  the  dark  (at  room  temperature)  by  irradiating  ^0  to  100  ml  of  a  poly¬ 
saccharide  sol  in  sealed  vessels.  During  the  irradiation,  the  solutions  remained 
Inside  sealed  glass  tubes  with  double  walls,  in  which  the  radium  was  held  in  the 
form  of  a  RaBr^  preparation.  Under  such  conditions,  the  3-radiation  was  almost 
completely  absorbed,  but  the  yrays  passed  thcrough  completely. 

In  order  to  ensure  sterile  conditions,  the  ampoule  containing  the  sol 
was  first  treated  for  25  minutes  with  a  current  of  steam-  Control  sols  of  starch 
induiin,  agar,  and  gum  arable  were  kept  in  the  dark  under  the  same  conditions  as 
the  irradiated  sols.  In  order  to  be  able  to  reproduce  the  character  of  the 
changes,  each  series  of  experiments  was  repeated  not  less  than  from  3  to  5  times. 
The  viscosity  (relative)  was  determined  with  an  Ostwald  viscosimeter  at  20' .  Po- 
tentiometric  titration  was  carried  out  with  a  glass  electrode.  The  values  of 
the  dissociation  constant,  K,  obtained  by  titration  were  not  absolute,  and  they 
must  be  regarded  only  as  a  reflection  of  the  chemical  processes  which  lead  to 
the  formation  of  a  mixture^of  acids .  The  capacity  for  reduction  was  determined  by 

Addrt'ss  delivered  Jan.  2,  1947  before  a  nieetinn  of  tiie  Division  of  General  Chemistry  of  the  Leningrad 
Branch  of  the  D.  I.  Mendeleev  All-l’nion  Chemical  Society. 


the  method  of  Bertrand.  It  was  expressed  In  milligrams  of  copper  per  100  ml  of 
sol.  The  radium  used  was  calculated  as  metallic  radium. 

The  starch  (from  potatoes)  and  the  indulin  were  Kahlbaum  preparations. 
The  agar  was  Japanese.  In  order  to  purify  the  agar,  small  fragments  of  a  2^  gel 
were  treated  with  distilled  water  for  ^0  days,  the  water  being  changed  three 
times  a  day.  After  purification,  the  agar  contained  1.35^  sol. 

I.  The  Change  in  Physico-chemical  Properties  of  Starch  Sols  Under  the  Influence 
of  the  Y -Bsys  of  Radium 

In  the  experiments  to  be  described,  100  ml  of  a  0.3^  starch  sol  was  Ir¬ 
radiated  with  2  g  of  radium.  The  changes  which  took  place  during  this  process 
are  shown  in  Table  1  and  Fig.  1. 


TABLE  1 

The  Influence  of  the  y-^sys  of  radium  on  the  physico-chemical  prop¬ 
erties  of  starch  sol 


Starch  sol 

Viscosity 

Reducing  capa¬ 
city  in  mg  Cu 

« 

Color  with  iodine 

pH 

Control  . . . 

1.83 

0.00 

Blue 

6.56 

Irradiation  for  7  days. 

1.09 

50.15 

Dark  violet 

3.60 

Irradiation  for  l4-dayB 

1,08 

65.20 

Light  violet 

3.28 

Irradiation  for  32  days 

1.05 

125.40 

Light  brown 

3.19 

The  data  of  Table  1  and  Fig.  1  confirm  the  results  previously  obtained 
[3]^  and  show' that  under  the  Influence  of  Y-rays,  there  took  place  a  decrease  In 
the  viscosity  of  the  starch  sols,  the  formation  and  Increase  of  reducing  capacity 
and  a  decrease  in  pH.  At  the  same  time,  irradiation  with  radium  produced  a 
change  in  the  color  of  the  iodine-starch  reaction.  The  starch  sol,  which  at 
first  gave  a  deep  blue  color  with  iodine,  after  32  days  of  irradiation  turned 
brown  on  the  addition  of  iodine.  This  color,  as  is  known,  is  characteristic  for 
the  products  of  the  profound  cleavage  of  starch.  The  drop  in  viscosity,  the  in¬ 
crease  in  reducing  capacity,  and  the  change  in  the  color  of  the  iodine-starch 
reaction  show  that. under  the  Influence  of  the  action  of  the  Y-rays  a  hydrolytic 
cleavage  of  the  starch  macrcmolecules  takes  place.  The  amount  of  alkali  used  up 
in  the  titration  of  the  acids  formed  during  irradiation^  and  the  dissociation 
constant,  K,  were  determined  from  the  curves  of  potentiometrlc  titration.  The 
results  of  the  titration  of  10  ml  of  the  sol  with  0.01  IJ  NaOH  are  shown  in  Fig. 

2.  The  curves  of  Fig.  2  show  that  upon  exposure  to  radium^  the  formation  of 
acids  takes  place  in  the  starch  sols,  and  that  this  increases  upon  continued 
irradiation.  Thus,  for  the  titration  of  100  ml  of  sol  which  had  been  irradiated 
for  li;  days,  13*5  nil  NaOK  were  required,  but  for  a  sol  which  had  been  exposed 
to  the  radiation  for  32  days,  33  nil  of  NaOK.  D’uring  this  process,  the  dissocia¬ 
tion  constant  of  the  acids,  which  after  14  days  of  irradiation  equaled  l.l4*10 
changed  to  1.74*10  ^  after  32  days  of  irradiation.  The  formation  of  acids  showed 
that  irradiation  with  radium  caused  oxidation  to  take  place,  and  the  change  in 
the  value  of  the  dissociation  constant,  K,  indicates  the  fact  that  during  oxida¬ 
tion  the  starch  sols  formed  a  mixture  of  organic  acids. 

The  action  of  y-rays  on  glurose  and  maltose.  To  shed  as  much  light  as 
poss-ble  on  the  question  of  the  chemical  transfcr.matlons  taking  place  in  the 
starch  macromolecules  being  investigated  under  the  action  of  y-rays,  we  set  up 
experiments  on  the  irradiation  with  radium  of  glucose,  the  basic  structural  unit 
of  starch,  and  of  maltose,  which  is  always  formed  during  its  cleavage  with  dia¬ 
stase. 

After  sterilization  with  steam  for  10  to  I5  minutes,  100  ml  of  a  glucose 
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Fig,  1.  The  influence  of  the  Y'^^-ys 
of  radium  on  the  viscosity,  pH,  and 
reducing  capacity  of  starch  sols, 

solution  (1.75^)  and  100  ml  of  maltose 
{l.'JSio)  were  subjected  in  sealed  ves¬ 
sels,  in  the  dark,  to  irradiation,  the 
glucose  to  2  g  of  radium  and  the  malt¬ 
ose  to  1,5  6  radium. 


pU 


Fig,  2.  Curves  of  the  poten- 
tiometric  titration  of  irrad¬ 
iated  starch  and  indulin  sols. 

1 -starch  irradiated  14  days  2 -starch 
irradiated  32  days  3- indulin  irradiated 
15  days.  4-indulin  irradiated  30  days. 


As  a  control,  we  used  solutions  of  these  same  compounds,  without  subject¬ 
ing  them  to  exposure,  and  maintaining  them  under  the  same  conditions  as  in  the 
experiments.  After  irradiation,  the  amount  of  aldehyde  groups  in  the  solutions 
was  determined  iodometrically,  and  a  potentiometric  titration  was  carried  out  cn 
10  ml  of  solution  with  0,01  N  NaOIi.  The  results  of  the  determination  of  aldehyde 
groups  and  pH  are  listed  in  Table  2- 


The  data  of  Table  2  show  that  under  irradip.tion,  the  glucose  solution 
undergoes  a  scarcely  perceptible  change  in  aldehyde  groups,  while  its  pH  drops 
considerably  The  fact  that  the  amount  of  aldehyde  groups  is  almost  unchanged 
after  prolonged  irradiation  of  the  glucose  permits  us  to  conclude  that  gluconic 
and  saccharic,  acids  are  not  formed  by  the  action  of  the  Y -rays,  seeing  that  if 
they  were  formed,  the  reducing  capacity  would  have  to  de'^rease-  We  assume  that 
the  possibility  of  finding  glucuronic  acid  among  the  products  of  the  transforma¬ 
tion  of  the  glucose  is  not  excluded. 


The  data  of  the  potentiometric  titration  of  the  solutions  of  glucose 
are  shown  graphically  in  Fig,  Frum  the  curves  of  Fig.  3  it  is  clear  that  just 
as  in  the  case  of  the  action  of  radium  radiation  upon  starch  sols,  as  the  dura¬ 
tion  of  irradiation  is  lncrea.sed,  the  cf  acid  formed  from  the  glucose 


TABLE  2 


The  influence  of  the  y-rays  of  radium 
on  the  aldehyde  groups  and  on  the  pH 
of  glucose  solutions 


pH 


Glucose 

solution 

1  Amount  of  aldehyde 
j  groups  in  mg  (per 
•  100  mg  of  solution) 

pH 

Control  .... 

281.8 

5.95 

Irradiation: 

10  days 

281.8 

3.67 

20  days 

281.8 

3.49 

50  days 

287.1 

3.02 

100  days 

1  287.1 

2.80 

increases.  Thus,  the  last  point  for 
the  titration  of  100  ml  of  glucose 
vhich  had  been  irradiated  for  50  days 
corresponded  to  ^0  ml  of  0.01  N  NaOH, 
while  that  which  had  undergone  irrad¬ 
iation  for  100  days  corresponded  to 
187  ml  of  0.01  N  NaOH,  The  dissocia¬ 
tion  constant  did  not  remain  unchanged. 
After  50  days  of  exposure  it  equaled 
1.2'10"‘^,  while  after  100  days  it  in- 


Fig.  5-  Curves  for  the  potent io- 
metric  titration  of  irradiated 
glucose  solutions. 

1- Irradiation  for  50  days 
for  100  days. 


2- irradiation 


creased  to  2.7' 10"'^ •  The  change  in  the 
value  of  the  dissociation  constant,  K, 

made  it  possible  to  assume  that  during  the  irradiation  of  the  glucose,  as  a  re¬ 
sult  of  the  oxidation  processes  taking  place,  there  was  a  rupture  of  the  carbon 
chains,  and  in  consequence,  the  formation  of  various  organic  acids. 

The  experiments  on  the  irradiation  of  maltose  gave  additional  data  on 
the  nature  of  the  cleavage  of  the  starch  macromolecules  under  the  influence  of 
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Fig.  The  influence  of  the  y-ruys  of 
radium  on  the  change  in  the  aldohyde 
groups  and  '♦’he  pH  of  maltose  solutions. 


TABLE  3 


The  influence  of  the  y-rays  of  radiuiB 
on  the  aldehyde  groups  and  on  the  phB 
of  maltose  solutions  I 


Maltose 

solution 

^ount  of  aldehyde 
groups  in  mg  (per 
100  mg  solution) 

pH 

Control  . . . , 

151^99 

5>6] 

Irradiation. 

15  days 

164.46 

4.1^ 

30  days 

174.11 

3.4£ 

the  radium  radiation.  Table  3  and 
Fig  show  the  results  obtained  on 

determining  aldehyde  groups  and  pH  in 
irradiaced  maltose  so'.utions. 

From  Table  3  r.nd  Fig,  ^  it  is 
clear  that  the  action  of  Y-rays  re¬ 
sults  in  an  increase  in  the  formation 


of  aldehyde  groups  in  the  maltose  solu'^ions  anl  a  iiop  in  "-he  pK  ”pon  comparing 
these  data  with  the  results  obtained  for  glurcse  -^atle  ve  tha*  in  the 
latter  case  irradiation  is  not  ac'-cmpanied  oy  an  appreciable  rrange  in  the  redu¬ 
cing  capacity.  Tliis  shows  that  the  increase  in  aldehyde  groups  ob^er^’-ei  in  the 
irradiation  of  maltose  must  be  considered  as  aue  to  the  rupture  of  the  oxygen 
bridge,  which  is  cleaved  under  the  Influence  pM 

of  the  y-rays  of  radium  The  curves  for  the 
potentiometric  titration  of  the  irradiated 
maltose  solutions  do  not  differ  in  character 

from  the  curves  obtained  for  the  titration  _  t  V 

of  starch  and  glucose.  The  action  of  y-^ays  '  / 

on  maltose  solutions  resulted  in  the  same  /  / 

formation  of  acids  and  increase  in  their  con-  /  / 

centratlon  with  an  increase  in  the  time  of  “  /  / 

exposure  (Fig,  5)’  '  “  f  1 

From  the  titration  curves  (Fig,  5)  ”  1  / 

it  was  determined  that  the  equivalent  point  %  to  _  |  I  | 

for  100  ml  of  maltose  solution  which  had  been  /  I 

irradiated  for  I5  days  corresponded  to  19  ml  €211 

of  0.01  N  NaOH,  while  that  which  had  been  ex-  "  /  I 

posed  for  30  days  corresponded  to  35 ’5  mi  of  ~  I  j 

0.01  N  NaOH.  The  dissociation  constant,  K,  i  f 

of  the  acids  formed  during  this  process,  was  5.0  -  /  / 

equal  after  I5  days  of  irradiation  to  -  /  / 

3.16*10”®,  after  30  days  of  exposure,  this  (o  ^  j 

had  Increased  ♦.0  1.52’10”‘'.  The  change  in  ^  J 

the  value  of  the  dissociation  constant,  in 

this  case  as  well  as  in  the  case  of  the  irrad-  | ^ f ^ — g 

iation  of  starch  and  glucose  solutions^  showed  zv; 

that  upon  exposure  to  the  Y-rays  of  radium  a 

mixture  of  organic  acids  was  formed  in  the  Fig.5’  Curves  for  the  potent lo- 

maltose  solutions.  On  the  basis  of  an  inves-  metric  titration  of  irradiated 

tlgatlon.of  the  physico-chemical  properties  maltose  solutionso 

of  the  Irradiated  starch  sols,  and  the  data  l-lrradl.tion  for  15  dajs  2-irradiatio„ 

obtained  by  the  irradiation  with  radium  of  for  30  clays, 

the  glucose  and  maltose  solutions,  we  may 

assume  that  the  cleavage  of  the  starch  macromole'ules  under  the  action  of  the 
radium  radiation,  takes  place  according  to  the  following  3:heme. 


/ 
HCOH 
I  0 

HC - 1- 

i 

EC - ^ 

(IhIsOH 


.  / 


HCOH 

I 

HOCH 


HOCH 


HC - 

I 

CH2OH 


Under  the  influence  of  the  y-rays  of  radium,  a  rupture  of  the  glucose  bonds  takes 
place  in  the  chains  ai  the  chief  '^alences  This  results  in  a  shortening  of  the 
chains,  and  leads  to  a  drop  in  tne  ’^i'^ccsiiy  of  the  sols,  the  aprearance  of  a 
reducing  capacity,  and  the  formation  of  compounds  which  dve  with  Iodine  the 
color  characteristic  of  the  products  of  the  profound  cleavage  of  starch.  The 
format.ion  of  acids  during  this  process  shews  that  the  radium  radia'^ion  results 


not  only  in  hydrolytic  cleavage  but  in  oxidation  of  tbe  xacromol e'ules.  At  the 
same  time,  apparently,  there  is  a  rupture  of  the  carbon  chains  of  the  structural 
units  of  the  starch. 

II.  The  Influence  of  the  v-Fays  of  Padium  on  Indulin  and  Fructose 

The  results  of  the  determination  of  the  reducing  capacity  and  the  pH  of 
0.5^  indulin  sols,  irradiated  with  I.5  g  of  radium,  are  listed  in  Table  4  and 
Fig.  6. 

-  V: .TABLE  4 

The  Influence  of  the  y-rays  of  radium  on  indulin 

sols 


Indulin  sol 

Recuction  capa¬ 
city  (mg  Cu) 

pH 

Amount  of  alde¬ 
hyde  groups,  mg 
(per  100  ml  sol^ 

Control  .... 
Irradiation: 

0.0 

^5.56 

0.0 

10  days 

39.1 

3c4l 

- 

15  days 

75.3 

3.00 

16.3 

30  days 

201.7 

2.89 

35.2 

Table  4  and  Fig.  6  show  that  the  radio¬ 
active  rays  result  in  an  increase  of  the  total  re¬ 
ducing  capacity  and  a  lowering  of  the  pH=  By  means 
of  iodometric  titration,  we  discovered  that  during 
this  process  there  also  take  place  processes  which 
result  in  the  formation  and  further  increase  of  al¬ 
dehyde  groups.  Potentiometric  titration  showed 
that  during  exposure  to  radium,  there  took  place  in 
the  indulin  sols  the  ■formation  of  acids,  whose  am-» 
ounts  Increased  as  the  duration  of  irradiation  in¬ 
creased.  For  example,  for  the  titration  of  100  ml 
of  indulin  which  had  been  irradiated  for  I5  days, 

25  ml  of  0.01  N  NaOH  were  required,  while  for  in¬ 
dulin  which  had  been  irradiated  for  30  days,  ^8,^ 
ml  of  0.01  N  NaOH  v/ere  needed.  The  dissociation 
constant,  K,  of  the  acids  formed  changed  from  2.45  10  ^ 
tion)  to  4.57*' 10  ^  (^after  30  days  of  irradiation).  The 
metric  titration  of  indulin  sols  are  given  in  Fig.  2. 


Fig.  6.  The  Influence  of 
the  y-rays  of  radium  on 
the  pH  and  the  reducing' 
capacity  of  indulin  sols 


(for  15  days  of  Irradia- 
curves  for  the  potent io- 


In  order  to  obtain  a  complete  explanation  of  the  chemical  changes  under¬ 
gone  by  the  indulin  macromolecules  upon  irradiation  with  radium,  we  set  up  exper¬ 
iments  on  the  influence  of  radioac t i''’’e  rays  on  the  elementary  links  of  the  chain 
of  the  chief  valency  of  indulin  ••  the  frur+ose.  The  results  obtained  by  means  of 
potentiometric  and  iodometric.  titration  showed  that  the  exposure  of  fructose  solu¬ 
tions  to  1.5  g  of  radium  resulted,  as  in  the  case  of  the  irradiation  of  indulin, 
in  the  formation  and  the  subsequent  increase  of  aldehyde  groups,  and  in  the  de¬ 
crease  of  the  pH.  In  Table  5  listed  the  data  on  the  change  of  the  equivalent 
point  and  on  the  dissociation  constant  of  the  acid.c,  K,  as  well  as  on  the  amount  of 
aldehyde  groups  formed  in  solutions  of  fructose  under  the  influence  of  radioactive 
radiation. 


It  is  clear  from  Table  5  tha*  the  oxidation  processes  which  take  place 
under  ■^.he  influence  of  the  y-rays  rer':!*"  in  a  profound  chemical  change  of  the 
carbon  chain  of  fructose.  The  resulls  of  the  irradiation  of  indulin  and  fructose 


1  <)2h 


TABLE  5 


The  influence  of  the  ^-rays  of  radium  on  the  formation  of  a'idii 
and  aldehyde  groups  in  solutions  of  fructose  (1.78^) 


Fructose  solution 

! 

Equivalent  point 
in  ml  0,01  N  NaOH 
(per  100  ml  of 
solution) 

[  Dissocla-  1 
tlon  con¬ 
stant, 

Kt 

Amount  of  aide 
hyde  groups  in 
mg  (per  100  ml 
of  solution) 

Centre  1  ......... 

Irradiation  for.  1 

- 

- 

0.0 

15  days  .  { 

10 

1.58*10"s 

5.8 

30  days  .  j 

30 

1.44'10  * 

17.2 

permit  us  to  present  the  cleavage  of  the  indulin  macromolecules  by  y-rays  in  the 
following  manner,  acting  on  the  aqueous  solutions  of  indulin,  the  radium  rays 
produce  a  rupture  of  the  oxygen  bridge  <1,2 > 


and  as  a  result  of  the  liberation  of  keto  groups  by  this  process,  there  is  an  in¬ 
crease  in  reducing  capacity.  At  the  same  time,  under  the  influence  of  oxidation 
processes  which  take  place  under  the  action  of  the  y-rays,  there  is  a  profound 
change  in  the  structural  units  of  the  indulin  macromolecule  -  the  fructose  units, 
which  form  acids  and  compounds  containing  aldehyde  groups. 

III.  The  Influence  of  the  v-Rays  of  Radium  on  the  Physico-Chemical  ^operties 
of  Agar  and  Gum  Arabic  Sols 

Radioactive  radiation  from  a  source  of  8OO  mg  radium  resulted  in  a  drop 
in  the  viscosity  of  O.l'jG  agar  sols,  the  formation  of  reducing  capacity,  and  a 
decrease  in  the  pH  (Table  6) . 

The  irradiation  of  a  1^ 
gun  arable  sol,  as  well  as  of 
agar  sols,  with  radioactive  rays 
led  to  an  increase  in  the  redu¬ 
cing  capacity,  a  drop  of  the 
viscosity,  and  a  decrease  in  the 
pH.  The  results  of  the  irradia¬ 
tion  of  the  agar  and  gun  arable 
sols  show  that  under  the  action 
of  radium  rays  a  change  in  the 
colloidal  properties  of  the  sols 
is  accompanied  by  a  chemical  change  of  the  macromolecules  of  agar  and  gum  arable. 

•  In  conclusion,  I  consider  it  my  duty  to  note  the  unflagging  interest  in 
this  work  of  the  late  Corresponding  Member  of  the  Academy  of  Sciences  of  the  USSR 
I. I. Zhukov,  who  continually  gave  me  his  assistance  in  carrying  it  out-  To  Acad¬ 
emician  V.G.Knlopin  and  to  M. A. Fasvik-Khlopina  I  tender  my  profound  thanks 
for  their  coopc-ratiGn  in  carrying  on  these  investigations. 


.  '  TABLE  6 

The  influence  of  the  y-rays  of  radium  on 
_ _  _ _ _ _ 


Agar  sol 

Viscosity 

Reducing  capa-j 
city  in  mg  Cu  j 

pH 

Control  . . , c 

6.76 

Q.O 

6.42 

Irradiation. 
10  days . 

5.50  ■ 

12.0 

4.63 

30  days . . 

4.43 

27.1 

3.68 

SUMMARY 


1,  The  influence  of  the  penetrating  y -rays  of  radium  on  sols  of  high- 
molecular  carbohydrates,  and  solutions  of  maltose,  glucose,  and  fructose  has 
been  investigated. 

2.  It  has  been  shovm  that  the  action  of  radium  rays  leaves  the  reducing 
capacity  of  glucose  almost  ^unchanged,  results  in  a  rupture  of  the  oxygen  bridge 
in  maltose,  and  as  a  result  of  the  oxidation  processes  which  take  place  under 
the  influence  of  the  penetrating  rays,  leads  to  the  formation  of  acids  in  solu¬ 
tions  of  glucose  and  maltose. 

3*  Under  the  influence  of  the  penetrating  radiation,  there  takes  place 
in  starch  sols  a  decrease  in  viscosity,  the  formation  of  reducing  capacity,  and 
a  decrease  in  the  pH.  The  starch  macromolecules,  on  being  irradiated  with  radium, 
undergo  chemical  changes,  which  are  accompanied  by  the  rupture  of  the  glucoside 
bonds  to  give  dextrin-like  products,  and  by  the  formation  of  acids. 

4.  The  radium  rays  produce  a  cleavage  of  the  <1,2>  oxygen  bridges  in 
indulin,  as  well  as  profound  changes  in  the  elementary  links  of  the  chain  of  the 
chief  valences  of  indulin,  the  fructose  units  ;  they  form  acids  and  compounds 
which  contain  aldehyde  groups. 

5.  The  penetrating  rays  of  radium  produce  in  agar  and  gum  arable  sols 
irreversible  colloid  chemical  changes,  a  drop  in  the  viscosity,  a  decrease  in 
the  pH,  and  an  increase  in  reducing  capacity. 
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THE  VISCOSITY  AND  DENSITY  OF  BINARY  SYSTEMS  WITH  NICOTINE  III 


S.  F.  Babalc  and  V.  V.  Udovenko 

Department  of  General  Chemistry  of  the  Samarkand  Medical  Institute 


In  preceding  communications  one  of  the  present  authors  has  shovm 

that  nicotine  reacts  with  acids  of  the  aliphatic  series  to  form  st^atle  chemical 
compounds . 

In  the  present  work,  similar  binary  systems  are  considered,  in  which 
nicotine  is  taken  as  one  of  the  components,  and  various  representatives  of  the 
aromatic  nitro  derivatives  are  taken  as  the  other.  ** 

The  purification  of  the 
nicotine,  and  the  measurement  of 
the  viscosity  and  density,  were 
carried  out  in  the  same  manner 
as  in  the  preceding  work  [^]. 

The  compounds  used  for  this  work 
were  carefully  purified,  and 
then  had  the  constants  listed 
in  Table  1. 


The  system  nicotine  -  o-nitrophenol .  Upon  preparing  the  mixture,. a 
small  amount  of  heating  was  observed.  This  became  more  notable  when  ratios  of 
the  components  were  used  corresponding  to  the  maximum  on  the  viscosity  diagram. 

The  results  of  the  viscosity  and  density  measurements  are  listed  in  Table  2, 

Fig.  1  shows  the  viscosity  values  graphically.  Both  in  Table  2  and  in  Fig.  1 
the  absence  of  certain  data  is  explained  by  the  fact  that  the  pure  nitrophenol 
and  mixtures  containing  it  in  more  than  £5  mol.^  crystallized  at  a  temperature 
of  35**  The  viscosity  isotherms  pass  through  a  maximum  which  corresponds  to 
5^  mol.  ^  of  nicotine,  and  is  practically  undisplaced  by  a  rise  in  the  tempera¬ 
ture. 

The  system  nicotine  -  nitrobenzene.  The  results  of  the  viscosity  and 
density  measurements  are  listed  in  Table  3*  The  values  of  the  viscosity  are 
shown  graphically  in  Fig,  2,  The  viscosity  isotherms  are  straight  lines. 

The  system  njcotijie -_o -nitroto'.ji;enj:  The  results  of  the  viscosity  and 
density  measurements  are  listed  in  lable  h  The  values  of  the  viscosity  are 
shown  graphically  in  Fig.  3  The  '''iscosity  isotherms  are  also,  as  in  the  pre¬ 
ceding  system,  straight  lines. 

Ceiu  ChPH.  10.  lro4  (1910)  -  [^Ij,  Gen.  Clieni.  JO,  iriO  (1949).  See  CB  translation  pp.  a-23  and  a-29. 

Stixlent  A.  A.  Sheverdin  t(K)k  part  in  the  ox i)eri rmtal  work. 


TABLE  1 


Name  of  compound 

M.p. 

B.p, 

Pressure 
in  mjn 

Nicotine 

- 

111.0- 

112.0® 

0 

Nitrobenzene 

5.75“ 

- 

- 

o-Nltrophenol 

45,0 

- 

- 

o-Nltrotoluene 

- 

215.0 

700 

p-Nltrotoluene 

57  =  5 

- 

- 

TABLE  2 

Nicotine  -  o-nitrophenol 


Mol,  i  _ _ _ Density 


mox .  /o 

Nicotine  ! 

1  55° 

'-5Q0 

.7.5“ 

(  7  0 

,  ; 

50° 

75° 

0.00 

2.3098 

1.5612 

1 

1.2851 

1.2570 

10.20 

—  . 

2.7239 

1.6221 

- 

1.2496 

1.2244 

15.65 

5.0723 

5.0750 

1,7446 

1.5515 

1 . 2304 

1.2040 

20.19 

5.9955 

5.5274 

1.8778 

1.2306 

1,2142 

1 , 1858 

30.20 

7.6015 

4.1224 

2,0005 

1c1986 

1.1811 

1.1542 

51.89 

7.8516 

4.2401 

2.0507 

1.1915 

1.1747 

1.1477 

55.45 

8.0113 

4.3440 

2 . 0805 

1.1892 

1.1755 

1.1450 

35.06 

8.0036 

4.3888 

2,0900 

1 . 1806 

1 . 1645 

1.1565 

36.62 

7.9817 

4.5379 

2.0787 

1.1797 

1 , 1629 

1.1570 

40.77 

7.8895 

4.3620 

2.0755 

1,1631 

1.1467 

1.1203 

50.05 

7.3752 

4.1204 

2 . 0446 

1-1529 

1,1170 

1.0914 

60.30 

6 . 5685 

3.8298 

2 , 0040 

1.1038 

1.0875 

^  1.0628 

69.88 

5.6760 

5.4215 

1 . 8672 

1 , 0747 

1.0609 

1.0368 

79.88 

4.6116 

2,9271 

1.6845 

1 , 0482 

1.0356 

1.0108 

89.57 

5.8595 

2.5255 

1.5551 

1 . 0230 

1.0103 

0.9888 

100.00 

5.1555 

2.0576 

1.2626  1 

0.9986 

0  9866 

0.9670 

TABLE  3 


Nicotine  -  nitrobenzene 


Moi.~ir 

1  Viscosity 

r 

Density 

Nicotine 

25;  1 

^  _ 

__i5_ 

50° 

.  75“ 

0.00 

1 , 7686 

1.1925  ^ 

1 

;  0  8496 

1.2003 

1.1718 

1.1489 

10,59 

1,9687 

1.2725  1 

1  0.8883 

1 , 1704 

1.1437 

1.1225 

.  20,53 

2,1724 

le3795 

0.9743 

1,1440 

1,1188 

1.0946 

50'.  27 

2'.  3911' 

1.4461 

0,9781 

1.1242 

1.0987 

1.0771 

39.46 

2.6153 

1.5076 

1 . 0009 

1.1018 

1 . 0784 

1.0561 

49.87. 

2,7725 

1-6475 

1,0906 

1 , 0839 

1,0603 

1.0579 

61,54 

5.0024 

1-7379 

1,1371 

1 , 0639 

1.0413 

1 . 0192 

■  69.63 

5.247T  j 

1  1.7974 

1,1467 

1 ,0471 

1.0265 

1.004^4 

79.48 

3-4245  j 

1  1-9022 

1,1926 

1  -  0350 

1  0159 

0-9944 

89.15 

5,7.127  j 

I  1,9801 

1 . 2074 

1  -  0230 

1 . 0005 

0.9790 

100.00 

3,89^2 

1  2.0376 

1,2626 

1 , 0068 

0.9866 

0.9670 

The  system  nicotine  —  p-nltrotoluene •  The  results  of  the  viscosity  and 
density  measurements  are  listed  in  Table  5-  -be  values  of  the  viscosity  are 
shown  graphically  in  Fig,  4-  The  absence  of  certain  data  in  Table  5  and  in  Fig. 

4  is  explained  by  the  fact  that  pure  p-nitrotoluene  and  mixtures  containing  more 
than  5^  mol,  percent  of  it  crystallize  at  a  temperature  cf  25°.  In  this  system 
too  the  viscosity  isotherms  are  straight  lines. 

In  considering  the  viscosity  Isotherms  of  the  system  nicotine  —  o-nltrophencl, 
shovrn  in  Fig,  1,  we  must  ''cnclude  +  ha*;  nicotine  and  o-nitrophenol  form  a  compound 
wif.  the  composition  Cic^'i4Np  2Cf,!:iN0pC^'.  In  this  respect,  the  system  under  con¬ 
sideration  is  similar  to  the  systems  ot  ni'ctine  with  acids  of  the  aliphatic  ser¬ 
ies,  where  compounds  are  also  formed  in  which  1  molecule  of  nicotine  combines 
wi’n  5  molecuies  of  acid  '!^he  systems  of  ni'.otlne  with  nitrobenzene,  with  o- 
nitrotoluene,  and  with  p 'nit rotol uene  differ  sharply  from  all  the  previously 
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studied  systems  with  nicotine.  In  the 

systems  of  nicotine  with  the  nitro  de-  ^  ^ 

rlvatives  of  benzene  and  toluene  there  '  *  ■  ,  , 

is  no  chemical  interaction  of  the  com-  . . . — - 

ponents,  as  we  can  Judge  from  the  form  ^ _ |  *  ' , _ ,  *{ 

of  the  viscosity  isotherm.  In  fact,  ‘^oo-:  *6* 

nicotine,  as  a  base,  easily  forms  chem-  o~ 

ical  compounds  with  substances  of  an 

acid  character.  With  substances  of  an  , 

Fig,  3. 

acid  character,  molecular  compounds  are 
also  formed  by  nitrobenzene  [-],  which 

thus' displays  its  basic  properties.  Therefore,  in  the  system  nicotine  -  nitro¬ 
benzene,  which  is  composed  of  two  compounds  of  basic  character,  no  interaction 
takes  plaCe^ 

'  TABLE  h- 


Fig,  5. 


Nicotine  -  o-nitrotoluene 


Mol,  i 


Viscosity 


Density 


Nicotine 

ro 

M 

1  (1 

: _ ^oi__i 

_ 75!__ 

_ 2^: _ ; 

1 

1 

1  01 

1  f 

0.00 

2.0887 

1.5477 

0.9750 

1.1578 

_ _ _ 

1.1515 

1.1060 

10.58 

2,2288 

1,4046 

1,0012 

1.1558 

1,1108 

1 , 0869 

20.27 

2,4239 

1,4806 

1,0030 

1,1182 

1.0965 

1 , 0709 

29.28 

2,5829 

1.5566 

1,0757 

1,1028 

1,0794 

1,0538 

i+0’.27 

2.7750 

1,6247 

1.1060 

1,0878 

1,0648 

1,0430 

^9.39 

3.0075 

1 . 7000 

1.1575 

1,0717 

1 , 0474 

1  =  0281 

59.68 

5.1169 

1,7636 

1,1683 

1.0597 

1.0366 

l,Ol44 

68,94 

5.5554 

1,9089 

1,2012 

1,0434 

1,0205 

0  9988 

78.64 

3,4704 

I-9194  : 

1,2190 

1 , 0300 

1,0117 

0  9891 

89.09 

2 . 6972 

2,0016  ' 

1.2399 

1,0182 

0.9980 

.0,9783 

100.00 

5.8942 

2,0376 

1.2626 

1 , 0068 

0,9866 

0.9670 

On  the  o'^her  hand,  we  know  t'r.at  in  systems  with  normal  components  without  iU' 
teractlon,  the  viscosity  isotherm  must  be  slightly  convex  to  the  axis  of  com.pos 
ition.  If  one  of  the  components  is  associated,  the  viscosity  isotherm  will  be 


TABLE  5 


1.1013 

1.0858 

1.0678 

I.OU16 

1.0359 

1.0181 

1.0076 

0.9927 

0.9827 

0.9739 

0.9750 

0.9670 


more  convex  than  in  the  preceding  case.  As  is  known,  nitrobenzene  is  an  assoc¬ 
iated  substance.  Nicotine  is  not  associated,  as  is  clear  from  the  data  listed 
below,  obtained  by  us  by  a  cryoscoplc  determination  of  the  molecular  weight  in 
benzene. 

Number  of  moles 
of  substance  in 

1000  g  of  benzene  ...  0.1537  0.3039  O.5096  0.7972  O.965I 

Molecular  weight  ....  I65.7  I61.6  l6l.2  I61.9  I6I.9 

Thus,  the  system  nicotine  -  nitro¬ 
benzene  consists  of  normal  and  associated 
components.  Consequently,  in  this  system 
the  isotherms  should  be  convex  to  the  axis 
of  composition,  whereas  in  actual  fact 
they  are  straight  lines.  Here  there  is  a 
positive  deviation  of  the  viscosity  iso¬ 
therms,  Both  components  are  polar  com¬ 
pounds,  in  particular  the  nitrobenzene, 
which  has  a  considerable  dipole  moment.  fs  50  25  o/. 

Therefore,  the  positive  deviation  of  the  p- 

viscosity  isotherms  in  this  system  must  be 

explained,  apparently,  by  the  dipole  in-  *  Fig.  4. 

teraction  of  the  components.  Similar  con¬ 
siderations  apply  also  to  the  systems 

nicotine  —  o-nitrotoluene  and  nicotine  —  p-n1 trotoluene. 

SUIJIMARY 

1.  The  viscosity  and  density  of  the  systems  nicotine  -  nitrobenzene,  nico¬ 
tine  -  o-nitrotoluene,  and  nicotine  -  p -nitrotoluene  have  been  investigated  at 
25°  ^  50®,  and  75°  ^  those  of  the  system  nlco.tine  —  o~nitrophenol  at  35 >  5^^ 
and  75®. 

2.  It  has  been  found  that  there  is  interaction  of  the  components  in  the 
system  nicotine  -  c-nitrophenol,  leading  to  the  formation  of  a  compound  of  the 
composition  C10H14N2 ’2CeH4N020H, 
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Nicotine  -  p-nitrotoluene 

Mol.  io  ~  Viscosity _ T ^e>nsj^y 

Nicotine  2^  T  5C"  .  75“^  7  “'25““  "  f  ^  50" 


0.00 

— 

1.2908 

9.60 

- 

1.3441 

20.83 

- 

1.4961 

3^.72 

- 

1.5657 

41.68 

2.8022 

1,6458 

49.66 

2.9157 

1.6743 

57.58 

3.0623 

1.6839 

69.57 

3.2863 

1.7885 

79.41 

3.5509 

1.9076 

87.68 

3.6576 

1.9259 

89.90 

3.7829 

1.9359 

100.00 

3.8942 

2.0376 

0.8988 

— 

1.1223 

0.9280 

- 

1.1080 

0.9717 

- 

1.0917 

1 . 0404 

- 

1 . 0666 

1.0751 

1^0793 

1.0590 

1.0957 

1,0662 

1.0419 

1 . 1092 

1 . 0544 

1 . 0322 

1.1469 

1,0378 

1.0141 

1,1598 

1.0263 

1.0041 

1.1631 

1,0162 

0.9959 

1.2000 

1.0161 

0.9933 

1.2626 

1.0068 

0.9866 

THE  QUESTION  OF  THE  PREPARATION  OF  METHYL  TERTIARY  BUTYLACETYLENE 


A.  I.  Zakharova 

Department  of  Organic  Chemistry  of  the  A.  A.  Zhdanov  Leningrad  State  University; 

awarded  the  Order  of  Lenin 


In  his  own  day,  A.E.Favorsky  was  repeatedly  interested  in  the  question  of 
preparing  methyl -tertiary  butylacetylene  (l).  Attempts  were  made  to  carry  out 
the  synthesis  of  this  compound  by  different  methods,  but  in  all  cases,  on  the 
basis  of  the  results  of  oxidation,  the  hydrocarbon  obtained  was  assigned  the 
structure  of  tertiary  butylallene  (ll). 

CH3  CH3>^ 

•  CH3— C-d-:C-C  CH3— 

CH3/  (j)  CHa 

The  first  indication  of  the  fact  that  methyl -tertiary  butylacetylene  was 
unstable  was  given  in  the  work  of  A,E  Favor  sky  and  E.K,Opel  [1]^  They  showed 
that  by  the  action  of  sodium  alcoholate  on  unsymmetr ical  methyltertiary  butyl- 
ethylene  bromide  the  hydrocarbon  C7H12  was  formed,  and  that  this  was  oxidized 
smoothly  to  give  formic  and  tr imethylacetic  acids,  as  would  be  given  by  a  hydro¬ 
carbon  with  structure  (ll;  At  the  same  time,  they  showed  that  the  hydrocar¬ 
bon  differed  from  the  other  singly  substituted  allenes  by  the  absence  of  a  tend¬ 
ency  to  iscmerize  into  the  disubst ituted  acetylene  (l)  upon  heating  to  I60'  with 
sodium  ethylate.  It  was  also  unchanged  upon  heating  to  loO'^  with  saturated  al¬ 
coholic  caustic  potash.  Upon  heating  the  hydrocarbon  with  an  excess  of  sodium 
in  a  sealed  tube  at  ^  sodium  derivative  of  the  corresponding  singly  sub¬ 

stituted  acetylene  was  obtained 

In  his  work  with  0.  Alekseeva,  A.E  Favorsky  attempted  to  carry  out  the 
synthesis  of  methyl -tertiary  butylacetylene  by  starting  with  s^i-irmetr ical 
methyl-tertiary  butylethyiene  bromide  and  heating  the  latter  with  20^^  sodium 
alcoholate  at  1^0°.  But  when  the  hydrocarbon  C-E12  which  he  had  thus  obtained 
was  oxidized,  '^hls  only  gave  formic  and  tr imethylacetic  acids,  thus  deciding 
the  question  of  the  structure  of  the  hydrocanbcn  in  favor  of  tertiary  butylal- 
lene  (ll). 


Finally,  A.E.Favorsky  and  0.  Alekseeva  f^]  undertook  the  direct  synthesis 
of  methyl-tertiary  butylacetylene  from  the  sodium  derivat.ive  of  tertiary  butyl¬ 
acetylene  and  methyl  iodide,  by  hea"^  ing  them  in  a  sealed  '♦'ube  at  120°,  But 
this  time  too,  investigation  showed  that  to  the  hydrocarbon  obtained  by  this 
direct  synthesis  there  had  to  be  ascribed  ■*  he  s‘ru''ture  of  ter"*  i  ary  butylallene* 


,il;,  upon  oxidation,  formic  and  *  r  imethvla'. 


evids  were  found,  and  not  even 


traces  of  acetic  acid  ■were  detected.  This  acid  would  have  indicated  the  pres¬ 
ence  of  methyl -eertiary  bu-*  yla^etylene  (l). 


In  his  sumirary  of  the  observations  made,  A.E  Favorsky  wrote  [a]  -'An  in¬ 
vestigation  of  the  causes  which  resulted  in  this  unique  stability  of  tertiary 
butylallene  showed  that  the  stability  of  this  hydrocarbon  under  the  conditions 
of  heating  with  sodium  alcoholate  vas  determined  by  the  extreme  instability  of 
the  disubstituted  acetylene,  into  which  it  should  haVe  been  converted  according 
to  the  equation,  and  we  must  assume  that  the  latter  is  completely  Incapable  of 
Independent  existence,'  as  even  under  the  conditions  of  synthesis  at  a  compara¬ 
tively  low  temperature  it  is  converted  into  the  singly  substituted  allene." 

In  giving  a  review  of  the  work  of  A  E  Favorsky  on  the  synthesis  of  methyl- 
tertiary  butyl  acetylene,  we  must  make  a  single  factual  correction,  as  follows; 
In  his  report  to  the  session  of  the  Academy  of  Sciences  of  the  USSR  in  December 
1956  [4],  ”0n  Isomeric  Transformations  and  the  Phenomena  of  Polymerization  in 
the  Series  of  Highly  Unsaturated  Hydrocarbons  and  Their  Derivatives",  A.E. Favor- 
sky,  dwelling  on  the  attempt  to  obtain  methyl-tertiary  butylacetylene,  errone¬ 
ously  indicated  that  O.E. Alekseeva  used,  for  this  purpose,  the  action  of  methyl 
iodide  on  tertiary  bur.ylacetylene  magnesium  bromide,  while  0.  Alekseeva  actually 
worked  with  the  sodium  derivative  of  tertiary  butylacetylene.  Unfortunately, 
this  vexing  error,  which  in  our  view  had  a  significance  from  the  point  of  view 
of  principle,  was  then  repeated  by  other  authors  as  well  [s]  (S.N.Dsnilov,  A.E. 
Favorsky  and  P.A.Tikhomolov,  N, A. Domnin,  and  others).  In  fact,  the  original 
paper  [3],  as  has  been  indicated  above,  spoke  of  the  action  of  methyl  iodide 
on  the  sodium '.derivative  of  tertiary  butylacetylene.  The  conditions  of  the  syn¬ 
thesis  in  this  and  in  the  other  cases  were  sufficiently  different  to  enable  us 
to  speak  unconditionally  of  the  final  results  of  the  reaction.  As  is  known, 
syntheses  with  acetylene  magnesium  halides  are  carried  out  without  heating  or 
with  very  slight  heating,  while  the  synthesis  under  the  experimental  conditions 
of  O.P. Alekseeva  was  carried  out  in  sealed  tubes,  with  heating  to  120®  for  8 
hours,  and  without  excluding  the  possibility  that  the  sodium  derivative  of  the 
tertiary  butylacetylene  might  have  kept  traces  of  unreacted  metallic  sodium. 

As  Ya.M. Slobodln  [sj  shows,  the  hydrocarbon  he  obtained  by  the  method  of  O.P. 
Alekseeva  contained  about  12^  of  the  singly  substituted  acetylene. 

Thus,  from  the  time  of  the  work  of  A.E. Favor sky  and  his  scholars 
there  has  been  firmly  rooted  in  Russian  chemiral  literature  the  view  that 
methyl-tertiary  butylacetylene  is  incapable  of  independent  existence,  and  is 
isdmerized  at  the  moment  of  formation,  into  ter'^iary  butylallene  (cf,  for  ex¬ 
ample  [7]). 

Sometime  later,  de  Graef  [r],  employing  the  method  of  preparation  of 
disubstituted  acetylene  hydrocarbon.3  suggested  by  Bourpuel  [s],  and  using,  in 
particular,  the  action  of  dimethyl  sulfate  on  the  sodium  derivatives  of  singly 
substituted  acetylenes,  obtained  and  described  a  number  of  disubstituted  acetyl¬ 
ene  hydrocarbons.  To  the  hydrocarbon  whi^'h  he  obtained  by  the  reaction  between 
the  sodium  derivative  of  tertiary  butylacetylene  and  dimethyl  sulfate,  de  Graef 
ascribed  the  structure  of  methyl-tertiary  butylacetylene  (l).  The  constants 
obtained  for  the  hydrocarbon  prepared  by  de  Graef  were  very  close  to  the  data 
given  in  the  papers  by  A.E. Favorsky  and  his  roworkers,  but  de  Graef  did  not 
demonstrate  the  structure  of  the  hydrocarbon  he  had  obtained,  by  employing  either 
oxidation  or  ozonization,  and  merely  reduced  it  to  give  a  saturated  hydrocarbon. 
In  this  case,  hydrogenation  could  not  give  the  answer  to  the  question  of  the 
structure  of  the  original  hj irocarbon,  and  by  destroying  its  unsaturated  bonds. 
Just  as  by  the  reduction  of  both  tertiary  butylallene  (ll)  and  methyl-tertiary 
butylacetylene  (l)  one  andtho  same  sacura-ed  hydrocarbon  had  to  be  obtained. 

Thus,  the  question  of  the  possibility  of  the  existence  of  methyl -tertiary 
butylacetylene  remained  open- 

This  was  the  situation  when_,  some  years  ago,  we  were  obliged  to  tackle 
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this  problem  more  closely  Upon  carrying  out  ♦rr. 
lene  "hlorides  anc  organo -magn'^slum  ‘otrpcunis,  in 

ine*-hyliiagnesium  bromide  and  2-'hlrro  •2-rr'e^hy2rt.r.*  inf. '  1 :  l)  f’-Ol  ,  ve.  o 
a  hydrocarbon,  investigation  cf  which  showed  tva*  i'^  was  not  r.OTcr:.n;..c  s, 
though  it  had  a  constant  boiling  point.  Upon  o.cidaticn  and  ozonization,  the  hyd¬ 
rocarbon  gave  a'-etone,  and  tr imethylacet  ic  and  acetic  a'ids.  On  the  basis  of 
the  results  of  the  analysis  of  the  product  obtained,  we  arrived  at  tne  conclu¬ 
sion  that  the  reaction  proceeded  according  to  the  following  equations; 

yc=c=c^ 

CHeMgBr  ^  (IV) 


CH3 

>CC1-C=C-CH3 


CHi 


(III) 


(CHajoC-CEC-CHa 

(I) 


and  that  the  product  of  the  reaction  was  a  mixture  of  two  hydrocarbons.  On  the 
basis  of  the  formation  of  acetone  by  oxidation,  we  ascribed  the  struct’ure  of 
tetramethylallene  (iV)  to  one  of  the  hydrocarbons.  The  possible  mechanism  of 
formation  of  an  anomalous  product,  such  as  tetramethylallene  was  In  this  case, 
by  the  reaction  of  or gano -magnesium  compounds  with  the  chlorides  of  tertiary 
acetylenes  which ‘have  the  halogen  atom  in  the  position  a  to  the  triple  bond^ 
had  been  previously  considered  by  us  [10] .  The  ''*ery  presen^'e  among  the  products 
of  oxidation  and  ozonization  of  acetic  and  trimethylacetic  a'^ids  made  it  seem 
completely  probable  that  •^he  second  hydrocarbon  in  the  mix*,u:e  might  be  methyl  - 
tertiary  butylacetylene  ^l),  which  was  formed  by  the  normal  rea'^tion  between  the 
original  chloride  (ill)  and  ethyl  magnesium,  bromide.  In  fa't,  we  determined  that, 
during  oxidation  formic  acid  was  also  formied,  this  fact  might  have  indicated  the 
probable  presence  in  the  mixture  of  tertiary  butylallene  > 

The  hydrocarbon  was  obtained  by  us  by  the  action  of  dimethyl  sulfate  on 
the  sodium  derivative  of  tertiary  butylacetylene  in  absolu'':e  ether  medium.  The 
preparation  of  the  original  products,  and  *he  miethod  of  carrying  out  the  synthe¬ 
sis  are  described  in  detail  in  the  experimental  part. 

The  hydrocarbon  obtained  by  the  reaction  in  e*her  solution  was  subje'^ted 
to  slow  distillation  in  a  column,  as  it  was  noted  -^hat  dls"^  il la*  ion  with  the 
usual  dephiegmator  did  not  succeed  in  completely  separating  the  hydrocarbon  from, 
the  ether.  The  hydrocarbon  was  then  distilled  once  more,  and  analyzed.  In  order 
to  exclude  the  possibility  of  the  isomerization  of  t'he  hydrocarbon  under  the  in¬ 
fluence  of  metallic  sodium,  the  distillation  was  not  ■'‘arrind  out  under  sodium. 

The  hydrocarbon  did  not  react  with  ammoniacal  solutions  of  cuprous  chloride  and 
silver  nitrate  The  constants  of  the  .hydro'* arbon  obtained  are  given  in  Table  1 
For  comparison,  there  are  listed,  in  the  same  table,  the  constants  obtained  by 
A.E.Favorsky  and  his  covorkers  [i'3]  for  tertiary  butylallene,  and  those  obtained 
by  de  Graef  [e]  for  niethyl -tert iary  butylacetylene. 


Unfortunately,  the  work  of  A -.E  ,Favor5ky  did  not  give  the  index  of  refrac¬ 
tion  for  the  hydrocarbons  he  had  syrUhesized,  but  gave  only  the  molecular  refrac¬ 
tion  found  ,  As  can  be  seen  from  Table  1,  only  in  the  case  of  the  reaction 

of  sodium  alcoholate  on  unsyrmnetr ical  methyl -tert iary  butylethylene  bromide 
did  A.E.Favorsky  and  E.K  Opel  [^1  £i"e  the  value  for  the  h^^drocarbon  synthesized 
=  33o55^  which  ':orrespcnds  *-0  ^  value  calculated  for  the  hydrocarbon  with 

two  double  bonds  .:alc  -  53>39)  For  the  rvdro' arbons  cb’ained  by  ac¬ 

tion  of  sodium  alcchc!]a*e  on  .e’/m.Tr.ctr  1  al  m.  U.hyl  -‘ertiary  bu*  yl ethylene  brom.ide 
[c]  and  bv  *r.e  action  cf  methyl  lodidf’  on  the  ~odj',T  derivative  of  tertiary 
butyla  ‘-.tyien'^^^  ,  A.E.  I’avcrsky  and  O.P  Alekseeva  give  MRp  found  -  33,0^0  and 
33*056  respectively  The?  latter  'uali.e  is  very  si  igh.tly  different  from  the  data 


Coirputed  forC7Hiir2  33.69  33.36  34.09  34.61  27  31 

forC7HiiF  32.62  32  32  32.95  33  26  19  8 

'  *  *  .  Ifl  O 


ob-'r-.lr.cd  de  G^-aef  [”])  and  by  us  in  ^bn  p’'cr.i:n*  -c:k  ‘'r  •  "•••''yl  .ary 

butyiaietyicne  (l)-  As  fcr  the  boiling  poin*  and  *„e  -p^^  i:‘i  gra. -ity  of  *  re 
hydro  arb'ons,  it  can  be  seen  from  Table  1  ^ha^  in  ail  :e.fes  thr.so  almost  cf'lr- 
cide, 

A  calculation  of  the  relative  dispersion  of  the  hydrocarbon  synthesised 
by  us  shoved  that  it  belonged  to  the  group  of  hyd.rccarbons  vhich  had  a  single 
multiple  bond.  The  value  of  the  relative  dispersion  vas  equal  to  20  6 .  We 
calculated,  from  de  Graef-s  data  [e],  that  the  relativ'e  dispersion  of  the  }  ydro- 
carbon  we  had  s^Ti*hesized  equaled  20,7  In  accordanre  vith  the  data  in  tne 
literature  [ii],  hydrocarbons  with  a  boiling  point  from  30  to  ICO*"  and  a  number 
of  carbon  atoms  from  0=  to  C-r,  with  a  single  multiple  bond  and  n^*^  '  1,412  have 

a  relative  dispersion  from  19  8  to  23,2,  As  can  be  seen  from  Table  1,  the 
hydrocarbon  we  synthesized  completely  corresponds  to  'bese  requ.irement s .  The 
relative  dispersion  of  the  allene  hydrocarbons  is  cnnsiderably  higher  (27-31), 

In  order  to  demonstrate  the  structure  of  the  hydrocarbon  obtained,  v^ 
carried  out  its  oxidation  and  ozonization.  Oxidation  of  the  hydrocarbon  with 
1^  alkaline  permanganate  solution,  vith  cooling,  ga"£  trimethyiacet ic  and 
acetic  acids.  Similar  results  were  obtained  by  decomposing  the  products  of 
ozonization  of  the  hydrocarbon. 

The  spectrum  of  combined  dispersion  of  the  hydrocarbon  vas  taken  The 
most  intensive  spectral  line  was  the  one  which  'orresponded  to  the  frequency 
of  the  triple  bond,  2243.:  cm  ^  (Figure  -  see  Plate,  page  I795-  and  Table  2), 

In  accordance  vith  the  data  in  the  literature  [12-ic],  the  rhe-racteristic  fre¬ 
quency  for  disubstituted  acetylenes  is  2240  to  22^0  :m"^.  Of  the  other  lines 
of  the  spectrum,  the  most  intense  were  the  lines  which  corresponded  to  the  fre¬ 
quencies  1200  cm  ^  and  ^1450  cm  ^ .  A  frequen-y  from  1202  to  1205  is  char¬ 
acteristic  for  compounds  vhich  have  complicated  branching  at  •*'he  end  of  the 
chain,  vhich  is  precisely  vha*  exists  in  the  hydrocarbon  under  investigation, 
while  a  frequency  in  the  range  1450  cm  ^  is  chararteristir  of  the  CEs  group 
The  spectrum  of  the  synthesized  hydrocarbon  lacks  the  frequency  IO7I  cm  “, 
vhich  according  to  the  data  in  the  literature  is  observed  in  the  spectra 

of  combined  dispersicn  li?rt  of  those  compounds  which  have  cumulative  double 
bonds,  and  it  also  lacks  the  frequency  'ro  ",  vhich  characterizes  hydro¬ 

carbons  with  double  bonds. 

All  that  has  been  said  gives  us  Justif i'^ation  fcr  assigning,  without  any 
doubt,  to  the  hydrocarbon  the  structure  of  methyl-tertiary  butyla-' etylens  (l). 

It  vas  of  interest  to  determine  the  stability  of  the  hydrocarbon  with  re¬ 
gard  to  time,  temperature,  and  chemical  reactivity, 

1,  The  hydrocarbon  preparation,  upon  being  kept  in  a  sealed  tube  fcr  a 
year,  did  not  change  its  constants,  and  the  spectr’im  of  combined  dispersicn 
gave  a  completely  analogous  picture,  an  intense  line  corresponding  to  the  char¬ 
acteristic  frequency  of  the  triple  bond  (Table  2), 

2.  The  hydrocarbon  was  heated  in  a  sealed  tube  for  8  hours  at  120°.  All 
the  constants  remained  unchanged,  the  spec^.rum  of  combined  dispersion  shoving 
no  change  whatever  in  the  structure  of  the  hydrocarbon. 


3-  The  hydrocarbon  vas  scaled  in  a  tube  vi-h  a  satu.ra*ed  solution  of 
alcchcli'  pc"ar-r  and  'ea-ed  fcr  6  bcv.rs  at  i60°  ,  The  constants  of  the  hydro¬ 
carbon  vere  acmes’'  uncr-enged,  and  in  the  see.'*  rum  of  cembinsd  dlepecsion  of  this 
rydrocarbori  prrcara"icn  tc.ere  var,  fcr  *ce  first  ‘  irce  obcervad  an  intense  line 
vhl;h  'o-responded  *c  a  chara: t er i  sti •  :^r.:.qucn  y  of  "hu  *riplr.  bond  ''^v  2239  8 

cm*'  -  ;• , 


TABLE  2 


Spectrum  of  combined  dispersion  of  light  of  methyl -tertlaLry  butylacetylene 


Frequency  of  hydro¬ 
carbon  obtained  by 
the  action  of  di- 


tertiary  butyl-acet- 


124.5  (l) 

290.6(5) 
557.2(1/2) 
561.6(1/2) 
477.8(1) 
540.4(2) 
618.6(2) 
828.5(2) 
926.5(2) 
1052,5(1/2) 
1155.7(1/2) 
1205.4(5) 
1265.5(1) 
1382.7(2) 
1451.1(3)  . 
2196.0(1/2) 

2245.1(5; 

2254.7(1/2) 


Frequency  of  the 
same  hydrocarbon 
kept  in  sealed 
tube  over  a  period 
of  one  year 

Frequen-ry  of  the 
same  hydrocarbon, 
after  heating  in 
a  sealed  tube  for 

8  hours  at  I25® 

Frequency  of  the 
same  hydrocarbon 
after  heating  in 
a  sealed  tube 
with  alcoholic 
alkali  for  6  hours 
at  160® 

df° 0.7164  ng°1^53 

df°a7l62  n^  14057 

df'^  0.7169  ng°1.4670 

125.5(1)  - 

124.5(1) 

126.0(1) 

287.7(3) 

284.9(4) 

285.8(4) 

560,2(1/2) 

357.6(1) 

35^. 6(1)  . 

567.5(1/2) 

574.3(1/2) 

566.6U/2) 

472.0(1) 

478.8(1/2) 

476. 6U) 

534.5(2) 

5^0. 9(3) 

539.8(5) 

616.6(2) 

619.8(5) 

616.8(5) 

827.8(2) 

852.1(5) 

850.4(5) 

922.4(2) 

928.5(5) 

925.1(3) 

1025.0(1/2) 

1029.6(1/2) 

1027.0(1/2) 

1149.9(1/2) 

1152,8(1/2) 

1153.0(1/2) 

1202.1(4) 

1205.0(4) 

1204.9(4) 

1270,0(1/2) 

1280,7(1/2) 

1275.1(1/2) 

1576.0(2) 

1390.9(3) 

1385.2(5) 

I4b5.8(5) 

1445.9(3) 

1451.1(5) 

2187.7(1/2) 

2184.7(1/2) 

2192.2(1/2) 

2240.515) 

2241.8(5) 

2259.8(5) 

:  2524.0(1/2) 

2529.0(1/2) 

2527.8(1/2) 

Upon  oxidizing  the  hydrocarbon  with  an  alkaline  1^  solution  of  permangan¬ 
ate,  trlmethylacetic  and  acetic  acids  were  formed  In  this  case,  heating  of  the 
solution  of  the  acids  with  freshly  preapred  silver  carbonate  gave  an  inconsider¬ 
able  blackening  of  the  solution. 

As  was  shown  by  A.E-Favorsky  [is],  the  heating  of  disubstituted  acetylene' 
hydrocarbons  with  metallic  sodium  results  in  their  isomerization  to  give  mono- 
substituted  acetylenes.  The  methyl-tertiary  butylacetylene  synthesized  by  us 
was  heated  with  an  excess  of  sodium  In  a  sealed  tube  at  I5O®  for  8  hours.  All 
the  hydrocarbon  was  gradually  converted  into  the  sodium  derivative  in  the  form 
of  a  yellow  powdery  hardly  any  liquid  remained  in  the  tube.  When  the  tube  was 
opened,  no  pressure  was  evident.  The  sodium  derivative  was  washed  several  times 
with  dry  ether  and  decomposed  by  shaking  with  water.  A  small  amount  of  hydro¬ 
carbon  was  obtained  which  gave  a  precipitate  with  an  ammcniacal  solution  of  sil¬ 
ver  nitrate: 

CHa  CHo 


CHa 

/^TT  ' 


Na 

CHa^-ais-CsCH. 


Thus,  all  the  experiments  that  wore  carried  out  showed  that  methyl-tertiary 
Dut.ylacetylene  (l)  is  capable  of  existing  independently  ?,nd  is  completely  stable 
under  normal  ccnditions,  and  that  A.F, .Fa*’or£ky  z  conclusion  about  the  impossibil¬ 
ity  of  obtaining  this  hydrocarbon  bc-cause  of  its  extreme  instab ■’lity  is  erroneous. 


The  absence  of  a  suffi-ien-^  quantity  of  ‘rhe  origin-^l  Ta^erials,  and  the 
difficulty  of  obtaining  thee  has  not  permi-^ted  U5,'  ;p  *o  present  time,  to 

repeat  the  syn-'hesis  of  methyl-tertiary  butylacetylons  under  the  conditions  used 
in  the  work  of  A.E.Favorsky  [i-3].  But  we  propose,  as  soon  as  possible,  to  re¬ 
turn  to  this  question,  and  we  also  intend  to  carry  out  the  synthesis  of  methyl 
tertiary  butylacetylene  by  the  action  of  methyl  iodide  or  bromide  on  tertiary 
butylacetylenyl  magnesium  bromide, 

EXPERIMENTAL 

Tertiary  butylacetylene  was  obtained  from  ptnacollne,  in  accordance  with 
the  directions  of  P.E.Ivitsky  [is],  with  a  few  changes  being  made  in  the  manner 
of  carrying  out  the  reaction.  In  particular,  the  splitting  off  of  hydrogen 
chloride  from  the  mixture  of  monochloro  and  dichlcro  compounds  obtained  by  treaty 
ing  pinacollne  with  phosphorus  pentachloride  was  carried  out  in  a  round-bottomed 
flask  with  continual  stirring  with  a  mechanical  stirrer,  and  heating  on  a  sand 
bath  to  2OO-23O® .  By  this  method,  complete  utilization  of  the  alkali  was  at¬ 
tained,  and  this  permitted  us  to  Increase  the  yield  of  tertiary  butylacetylene 
to  80^.  Instead  of  using  ethyl  alcohol  as  a  solvent,  we  used  n-butyl  alcohol. 

The  sodium  derivative  of  tertiary  butylacetylene  was  obtained  in  the  fol¬ 
lowing  manner;  the  amount,  of  metallic  sodium  theoretically  necessary  was  molten' 
in  2  to  5  g  portions  in  boiling  xylene  (50  ml)  and  the  flask  was  then  closed 
with  a  cork  stopper  (not  entirely  Impermeable)  and  stroijgly  shaken.  After  cool¬ 
ing,  the  xylene  was  poured  off  from  the  finely  divided  sodium  thus  obtained.  The 
latter  was  washed  several  times  with  dry  ether,  and  then  quickly  transferred  to 
a  round-bottomed  half-liter  flask,  which  was  fitted  with  a  mechanical  stirrer  and 
a  mercury  seal,  a  reflux  condenser,  and  a  dropping  funnel.  While  continual  stir¬ 
ring  and  heating  on  a  water  bath  were  kept  up,  tertiary  butylacetylene  was  added 
drop  by  drop  to  the  finely  divided  sodium  in  ether,  _  The  reaction  took  place 
fairly  vigorously,  and  a  thick  mass  of  the  sodium  derivative  of  the  hydrocarbon 
was  gradually  formed.  After  all  the  hydrocarbon  had  been  added,  the  mixture  was 
heated  for  about  one  more  hour  on  the  water  bath  at  hO' , 

The  preparation  of  methyl -tertiary  butylacetylene.  Freshly  prepared  di¬ 
methyl  sulfate  was  added  direp  by  drop,  with  coding  and  continual  stirring,  to 
the  sodium  derivative  of  tertiairy  butylacetylene  in  ether.  The  mixture  was  then 
heated  for  2  ho’urs  on  the  water  bath  at  60*.  A  dense  precipitate  formed  at  the 
bottom  of  the  flask  The  ether  solution  of  the  hydrocarbon  thus  obtained  was 

poured  off.  from  the  precipitate,  which  contained  the  finest  particles  of  unreacted 
sodium,  and  the  precipita'^e  was  washed  several  times  with  dry  ether.  A  test 
showed  that  all  the  hydrocarhon  formed  had  gone  into  the  ether.  The  precipitate 
may  be  further  treated  first  with  alcohol,  and  then  vi-^.h  wa^er,  in  order  to  dis¬ 
solve  the  sodium. 

The  ether  solution  of  methyl  tertiary  butylace‘*'ylene  obtained  was  washed 
several  times  with  water,  then  with  a  10^  soda  solution,  and  once  more  with 
water.  It  was  then  dried  over  calcium  chloride  and  the  ether  distilled  off 
with  a  column. 

In  each  experiment  that  was  carried  out,  8  g  (1/3  g-mol,)  of  sodl’jm  was 
used,  witn  27  g  of  dry  tertiary  butylacetylene,  100  ml  of  ether,  and  42  g  of  di¬ 
methyl  sulfate  The  yield  of  me"" hyl -tertiary  butylacetylene  averaged  19  to  20  g, 
i.e,  60*^  of  *he  theoretical.  The  physical-'homical  constants  of  the  hydrocarbon 
are  given  in  Table  1.  Upon  analysis  of  the  hydrocarbon,  the  following  data  were 
obtained . 

0,0707  g  substance.  0  2262  g  CO2,  0  08m  g  H2O0 
0,0778  g  sub  St  an  .te.  0.2486  g  COp,  0,0690  g  H^O. 

Found  ^  C  87*25,  87,21,  H  12-85,  12,79, 

C7H1P.  Computed  C  87,50,  H  12-50, 
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Oxidation.  10  g  of  the  hydrocarbon  was  oxidized  with  a  alkaline  solution 
of  permanganate  in  the  cold.  The  amount  of  oxidizing  agent  used  was  exactly  that 
calculated  as  necessary  for  a  single  triple  bond  (33  g)  •  Oxidation  took  place 
very  rapidly,  after  all  the  oxidizing  agent  had  been  added,  the  precipitate  of 
manganese  dioxide  was  filtered  off,  and  the  solution  of  oxidat“ion  products,  which 
had  an  alkaline  reaction,  was  distilled  with  steam.  No  neutral  products  of  ox¬ 
idation  were  detected.  The  solution  of  salts  was  concentrated  and  acidified  with 
sulfuric  acid.  The  volatile  acids  were  distilled  off  with  steam.  Trimethyl- 
acetic  acid  was  the  first  to  be  obtained.  It  was  in  the  form  of  light  feathery 
crystals,  which  hardened  in  the  inner  tube  of  the  condenser;  m.p.  3^-35** 

0.2202  g  substance:  O.U7^2  g  CO2;  O.I982  g  H2O. 

Found  C  H  10.00. 

CsHioOg"  Computed  C  ^8c82)  H  9*80. 

In  addition,  8  fractions  of  volatile  acids  were  collected,  each  10  ml.  All 
these  were  heated  with  freshly  prepared  silver  carbonate  on  the  boiling  water 
bath.  The  first,  second,  and  third  fractions  gave  silver  salts,  whose  composi¬ 
tions  corresponded  to  a  salt  of  trimethylacetic  acid: 

0.0935  g  substance:  0,048l  g  Ag. 

0.0701  g  substance:  O.O362  g  Ag. 

0.0772  g  substance:  0.0400  g  Ag. 

,  Found  io.  Ag  51.^^,  51»64,  5I.8I. 

CsHgOsAg  Computed  Ag  ^1.66, 

The  salts  obtained  from  the  fourth  and  fifth  fractions  gave: 

0.0992  g  substance:  O.O532  g  Ag. 

0.0732  g  substance:  0.0426  g  Ag. 

Found  Ag  53*83,  58.19’ 

The  last  three  fractions  gave  silver  salts  whose  composition  corresponded 
to  salts  of  acetic  acid: 

0.1744  g  substance:  0.1124  g  Ag. 

0.1302  g  substance.  0.0840  g  Ag. 

0.1523  g  substance:  0.0984  g  Ag. 

Found  Ag  64.44,  64  =  51,  64, 60. 

CsHgOgAg.  Computed  Ag  64.67. 

Ozonizatlon.  For  ozonization  we  used  ^  g  of  the  hydrocarbon  in  5O  nil  ol* 
chloroform.  The  ozonization  was  carried  out  with  the  " onr.entrat ion  of  ozone 
being  determined  both  before  and  after  contact  with  the  substance.  It  was  imme¬ 
diately  observed  that  a  considerable  amount  of  the  ozone  passed  through;  this 
characterizes  the  ozonization  of  compounds  containing  a  triple  bond.  Ozoniza¬ 
tion  was  continued  for  6  hours.  The  chloroform  was  driven  off  from  the  ozonide 
in  vacuum,  and  the  ozonide  was  decomposed  by  heating  with  water  and  chalk  for 
5  hours.  The  aqueous  layer  was  removed  from  the  excess  of  chalk  and  distilled 
to  separate  any  neutral  products,  but  none  of  these  were  obtained  (the  reaction 
for  the  carbonyl  group  with  fuchsine-sulfurous  acid  and  with  an  acetic  acid  solu¬ 
tion  of  p-nitrophenylhydrazine  gave  negative  results).  The  rest  of  the  solution 
of  salts  was  then  acidified  with  sulfuric  acid.  An  oily  layer  of  insoluble  acid 
immediately  floated  up.  It  was  distilled  with  steam  and  chilled  out  by  putting 
the  flask  in  ice  water.-  Filtration  was  carried  out  with  ext  erne'',  cooling  of  the 
funnel  with  ice,  to  give  white  feathery  crystals  of  trimethylace"'' ic  acid,  m.p. 

3^-35°. 

The  remainder  of  the  acid  solution  after  the  trimethylacetic  acid  had  been 
chilled  out  was  distilled  once  more,  and  five  10  ml  fractions  o'**  acid  were  col¬ 
lected.  Analysis  of  the  silver  salts,  which  were  obtained  by  heating  these 


l640 


fractions  with  silver  carbonate,  gave  a  percenr.-^j-  of  sllv^jr  ■'.nrr'Tj^ponding  to 
that  of  silver  acetate 

0,0806  g  subs^’ance  0,C4'-‘2  g  Ag 

0.0773  g  substance.  0=0^96  r  Ag, 

O.II6U  g  substance t  0,0750  g  Ag. 

0.08^2  g  substance.  0,05^3  g  Ag. 

0.0761  g  substance;  0.0^92  g  Ag.  * 

Found  A.g  5^*83,  6U  16,  64,^3,  64.48,  64.64. 

C2E302Ag.  Computed  Ag  64.6 

The  oxidation  of  the  hydrocarbon  was  also  carried  out  after  heating  with  a 

saturated  solution  of  alcoholic  alkali  in  a  sealed  tube  at  l60°  for  6  hours.  The 

conditions  of  oxidation  were  similar  to  those  described  above.  2  g  of  the  hydro¬ 
carbon  were  taken  for  oxidation.  The  acids  obtained  gave  silver  salts  whose 
analysis  gave  the  following  results. 

0.0861  g  substance;  0.0444  g  Ag. 

0,0568  ^  substance.  O.O336  g  Ag, 

0.0920  g  substance.  0,0593  g  Ag. 

Found  <jo:  Ag  51^56,  59>15,  64,45. 

C5H902Ag,  Computed  Ag  5^ ’66. 

C2H302Ag,  Computed  Ag  64.67. 

Consequently,  oxidation  gave  trimethylacetic  and  acetic  acids. 

SUMMAP.Y 

The  action  of  dimethylsulfate  on  the  sodium  derivative  of  tertiary  butyl- 
acetylene  gave  methyl-tertiary  butylacetylene. 

The  structure  of  the  hydrocarbon  has  been  demonstrated  by  its  oxidation  to 
give  trimethylacetic  and  acetic  acids.  These  same  acids  were  obtained  by  the  de¬ 
composition  of  the  products  of  ozonolysis  of  the  hydrocarbon. 

The  spectrum  of  the  combined  dispersion  of  light  of  the  synthesized  hydro¬ 
carbon  was  taken.  It  showed  the  presence  of  an  intense  frequency  characteristic 
of  the  triple  bond  (2243.1  cm  ^) . 

It  has  been  shown  that  methyl -tertiary  butylacetylene  is  completely  stable, 
remaining  unchanged  both  upon  long  standing  as  well  as  upon  heating  with  an 
alcoholic  solution  of  caustic  alkali. 
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DERIVATIVES  OF  ACETYLENE 

117.  THE  SYOTflESIS  A^rD  TP.ANSFORMATIONS  OF  Vir^^XETHINYLCARRINOLS 
CONTAINING  THE  METHOXY  hroUP 

I.  n.  Nazarov  and  S  A.  Varmanyan 

Institute  of  Organic  Chemistry  of  the  Academy  of  Sciences  of  the  USSR 


In  our  lalDoratory  ve  have  worked  out  simple  methods  for  the  preparation  of 
various  alkoxy  ketones  by  means  of  the  isomerization  of  vinylethinylcarbinols 
under  the  influence  of  mercury  salts  in  alcohol  solution  [i],  as  well  as  by  means 
of  the  hydration  of  divinylaretylene  hydrocarbons  In  aqueous  solutions  of  meth¬ 
anol  [2].  It  was  of  interest  to  utilize  these  alkoxy  ketones  for  the  synthesis 
of  the  corresponding  alkoxylated  vinylethinylcarbinols,  which  have  remained  un¬ 
known  up  to  the  present  time,  despite  the  fac":  that  in  our  laboratory  during  the 
past  ten  years  numerous  primary,  secondary,  and  tertiary  vinylethinylcarbinols 
of  the  aliphatic,  alicyclic,  aromatic,  and  heterocyclic  series  [3]  have  been 
synt^iesized.  To  carry  out  the  designated  syntheses,  we  chose  l-methoxy-^-siethyl- 
-U=>hexene-5-one  (ill)  and  l-methoxy-5-itethylhexane~3-one  (iv),  both  obtained 
from  dlmethylvinylethinylcarbinol  (l)  by  the  following  method; 

OH 

CH2=CH-C=C-C<^ 

^CEa 

(1) 


/CHa 

CE-,0CE2CH2C0CH=C- 
(III)  - 


-  /rHa 

CE2=CH-C0“Cr>C^ 


CHoOH 


(II) 


CHo 


or  Pt 


^CHa 

CH30CH2CH2C0Cf{2-CH' 

"^■CHa 

(IV) 


In  contradistinction 
ketone  (p/)  is  completely 
acetylene  in  the  presence 
attempted,  the  methoxy  ket 
able  mass  The  action  of 


to  the  aliphatic  and  alicyclic  ketones,  the  methoxy 
in'^apable  of  taking  part  in  condens.at ion  with  vinyl- 
of  povdcred  caustic  potash,  as  when  this  reaction  is 
one  (TV;  shrinks  rcTpletely  into  a  viscous  undistill- 
vinylacetylenyl  m-gnesium  bromide  on  the  saturated 


me* hoxy  ketone  (iV)  gave  a  yi 
ethinyl '"arbincT  (v)  ,  uhich  -th 
with  Fh  catalyst  to  gi"e  B  -m-;. 
was  also  obtained  in  O'jt  yie_ 
methexv  kr-tene  ^IV),  Under  t 


Ize: 


to  give  5-isobutyl-' 


•met 


eld  of  cbc’it  7C^  of  3-methoxy  ethyll.sobutylvinyl- 
=  crbei  5  trclecules  of  hydrogen  when  hydrogenated 
t.hoxye'hyihutyli -.cr -tylcarbinol  (Vl),  The  latter 
d  by  *  r  e  c.:*lcn  ^f  ru^'yl  magnesium  chloride  on  the 
ne  influcn'.'-  of  mer-urlc  sulfate  in  methanol  solu- 
the  o*her  vinylethinylcarbinols,  was  easily  isomer- 
hoxy-l,k  .hep*:adiene -5~one  (VIl),  which  under  the 


}6h 


c. 


conditions  of  the  experiment  added  1  molecule  of  methanol  to  the  unsubstituted  . 
vinyl  group  and  formed  l,7-dinethoxy-5-isctutyl-4-heptene-5-one  (VIIl).  The 
free  divinyl  ketone  (VIl)  was  obtained  by  distilling  the  unsaturated  dimethoxy 
ketone  (VIIl)  in  vacuum  in  the  presence  of  p-toluenesulfonic  acid  [4].  This 
resulted  in  the  cleavage  of  only  a  single  methoxyl  group,  in  the  3-pcsition  to 
the  carbonyl,  while  the  other  methoxyl  group,  at  a  distance  from  the  carbonyl, 
remained  unaffected.  Upon  hydrogenation  with  Pt  catalyst,  the  divinyl  ketone 
(VIl)  absorbed  2  molecules  of  hydrogen  and  was  transformed  into  5-isobutyl-7- 
methoxyheptane-3-one  (IX).  The  structure  of  the  methcxy  ketone  (VIIl)  was  de¬ 
cisively  demonstrated  by  means  of  ozonization.  This  gave  the  3-methoxyethyliso- 
butyl  ketone  (IV)  and  3-msthoxypropionic  acid.  Vinyl  ethinylcarbinol' (v)  was 
easily  dehydrated  by  means  of  5^^  sulfuric  acid  at  a  temperature  of  60®  and 
gave^in  about  85^  yield, a  diene  which  was  chiefly  5-isobutyl-7-methoxy-l,5-hep- 
tadiene-3-ine  (Xl),  formed  by  the  splitting  off  of  water  from  the  carbinol  (V) 
on  account  of  the  3-niethoxyethyl  radical.  The  iscbutyl  radical  takes  psirt  in 
the  dehydration  of  the  carbinol  (V),  apparently,  only  to  an  insignificant  degree, 
Upon  hydrogenation  in  a  solution  of  alcohol,  in  the  presence  of  Pt  catalyst, 
the  diene  (Xl)  absorbs  four  molecules  of  hydrogen  and  is  transformed  into  5-iso¬ 
butyl  -7-methoxyheptane  (XIl) . 
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COCH2CH2OCH3 
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CH30CH2CH2-iH-CH2C0CH2CH20CH3 
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Upon  heating  with  aqueous  solutions  of  methanol  in  the  presence  of  mercuric 
sulfate,  the  diene  (Xl)  is  easily  hydrated  to  give,  in  about  90^  yield,  5-‘iso- 
butyl-7-methoxy-l,5~heptadiene-4-one  (XIIl),  which  under  the  conditions  of  hyd¬ 
ration  adds  1  molecule  of  methanol  to  the  allyl  radical  and  is  partially  conver¬ 
ted  into  2,7-dimethoxy-5-isobutyl-5-heptene-4-one  (XIV).  Upon  distilling  in 
vacuum  with  p-toluenesulfonic  acid,  the  latter  splits  off  the  methanol  again, 
and  again  gives  the  dieneone  (XIIl).  Upon  hydrogenation  with  Pt  catalyst,  the 
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dlenecne  (XITl)  absorbs  2  molecules  of  hydrogen  and  Is  tr.aniforcel  into  5- 
Isobutyl-T-methoxyhcptane '4-one  '’X'O  ,  while  the.  dlm€tro)c\-  ketgne  ''Xiv),  upon 
hydrogenation  absorbs  1  molecule  of  hydrogen  ani  gi”e=  2,7“dimeThox>"-5-isobutyl- 
heptane-U-one  (XVl) , 

Upon  ozonization, the  dieneone  (XIIl'  gives  as  the  chief  products  of  reac¬ 
tion  formic,  isovaleric,  and  methoxyacetic  acids.  This  determines  its  structure. 
Upon  treatment  with  phosphoric  aCid,  the  dieneone  (XIIl)  ,  like  the  other  substi¬ 
tuted  vinylallyl  ketones  [s],  undergoes  ring  formation  to  give  the  cyclopente- 
none  (XVIl),  which  is  completely  incapable  of  being  hydrogenated  in  the  presence 
of  Pt  catalyst,  under  the  usual  conditions  (in  alcohol  or  glacial  acetic  acid 
solution  at  room  temperature),  and  is  hydrogenated  only  with  difficulty  by  means 
of  Pd  catalyst,  to  give  the  cyclopentanone  (XIX) - 

By  means  of  oxidation  with  permanganate,  and  by  ozonization,  the  cyclopent- 
enone  (XVIl)  gave  formic,  isovaleric,  and  methoxyacetic  acids.  However,  in  addi¬ 
tion  to  these  acids,  oxidation  of  the  cyclopentenone  also  gave  a  considerable 
amount  of  the  diketo  carboxylic  acid  (XXl),  and  ozonization  also  gave  the  lactone 
(XXIIl),  formed  as  a  result  of  the  cleavage  of  methanol  from  the  methoxydi carb¬ 
oxylic  acid  (XXII). 
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Formic  acid,  the  methcxydiketo.carboxylic  acid  (XXl),  and  the  methoxydicarboxylic 
acid  (XXIl)  could  be  obtained  by  the  oxiciation  and  ozonization  only  of  the  iso¬ 
meric  cyclopentenone  (X'rill) ,  which  was  formed,  apparently,  by  the  isomerization 
of  the  normal  cyclopentenone  fX*-'!!)  during  its  oxidation  and  ozonization,  A 
similar  isomerization  of  cyclopentenones  with  a  displacement  of  the  double  bond 
in  the  ring  was  invest ig.ated  in  detail  in  our  laboratory  not  so  long  ago  with 
reference  to  1 ,5-dimethyl -1 -cy"  lcpentene-5 -one 

The  trea^.ment  of  the  dieneone  ^XIIl)  with  ammonia  gave  a  high  yield  of 
the.  corresponding  y <XX)  ;  this  is  similar  to  what  takes  place  in  the 
case  of  other  substituted  vir,yl\i:yl  k‘^*ones  as  well.  [^].  The  action  of  vinyl- 
acetylenyl  magnesium  oremide  on  "he  unca^urated  methoxy  ketone  (ill)  gave,  in 
about  60^  yield  isobutenyl -p-me" hoxyethylv inylethinylcarbinol  (XXIV),  which  was 
dchydr^ced  wi":)  extreme  ease  to  give  the  methoxytrienine  (XX'-f)  [7],  Hydrogena¬ 
tion  of  the  carbinol  ^XXP/)  and  of  the  t.rienine  ^^XXV)  in  the  presence  of  Pt 


catalyst  resulted  in  the  absorption  of  ^  and  5  molecules  of  hydrogen,  respect iv 
ely,  and  gave  the  compounds  (VI  and  XIl)  described  above. 
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When  an  attempt  vas  made  to  isomerize  the  carbinol  (XXF^O  under  the  influence 
of  3^  sulfuric  acid  in  a  solution  of  70^  aqueous  dioxane,  at  a  temperature  of 
40®  over  a  period  of  7  hours,  only  a  partial  dehydration  to  give  the  trienine 
(XXV)  vas  observed,  and  the  isomeric  carbinol  (XXVl)  could  not  be  shown  to  be 
present  in  the  product  by  the  data  of  oxidation  and  ozonization  [a].  In  exactly 
the  same  way,  it  vas  impossible  to  show  the  hydration  of  the  trienine  (XXV)  (by 
heating  in  a  90^  solution  of  methanol)  in  the  presence  of  mercuric  sulfate,  as 
a  result  of  its  extreme  sensitivity  and  its  tendency  to  form  tar. 

In  conclusion  we  must  note  that  none  of  the  methoxy  ketones  described  In 
this  article  give  crystalline  derivatives  when  ac.ted  upon  by  semicarbazide  and 
2,^-dinitrophenylhydrazine,  with  the  exception  of  the  cyclopentanone  (XIX)  and 
the  piperidone  (XX) . 

EXPERIMENTAL 

The  hydrogenation  of  l-methoxy-3-iDethyl-U-hexene-3-one.  883  g  of  the  un¬ 
saturated  methoxy  ketoTie  (ill)  (b.p.  80-62°  at  10  mm)  ng^  1.^570  [^])  were  hydro¬ 
genated  in  the  presence  of  Ni  catalyst  (according  to  Raney)  in  an  autoclave  un¬ 
der  a  pressure  of  110  atm.  temperature  of  23®  in  a  period  of  6  hours.  I52 

liters  of  hydrogen  was  absorbed.  Calculated  for  the  hydrogenation  of  one  double 
bond,  151  liters  of  hydrogen.  The  product  was  filtered  from  the  Ni  catalyst  and 
distilled  in  vacuum.  We  obtained  878  g  of  the  previously  described  l-methoxy-5- 
methylhexane-3-one  (IV)  in  the  form  of  a  transparent  mobile  liquid  with  a  pleas¬ 
ant  odor.  B.p.  64-65°  at  11  mmj  n^°1.4l93  [^]* 

The  action  of  vlnylacetyl enyl  magnesium  bromide  on  l-methoxy-5-methylhex- 
ane-3-one .  In  a  round-bottomed  flask,  fitted  with  a  mechanical  stirrer,  a  drop¬ 
ping  funnel,  and  a  reflux  condenser,  ethyl  magnesium  bromide  was  prepared  from 
39  g  of  magnesium  and  l62  g  of  ethyl  bromide  in  a  solution  of  7OO  nil  of  absolute 
ether.  Then  90  g  of  vinylacetylene  was  passed  into  the  ethereal  solution  of 
ethylmagnesium  bromide  over  a  period  of  3  hours,  with  coding  by  means  of  cold 
water.  The  reaction  mixture  was  stirred  for  2  hours  at  room  temperature  and  for 
1  hour  at  the  boiling  point  of  the  ether  until  there  was  no  more  evolution  of 
ethane.  To  the  vinyl-acetylenyl  magnesium  bromide  thus  obtained,  there  was 
added  drop  by  drop,  over  a  period  of  5  hours,  using  cooling  with  water,  200  g 
of  l-methoxy-5-methylhexane-3-one  (IV),  dissolved  in  an  equal  volume  of  absolute 
ether.  The  stirring  was  continued  for  4  more  hours  at  room  temperature,  and  the 
reaction  product  was  allowed  to  stand  overnight.  On  the  following  day  the  prod¬ 
uct  was  hydrolyzed  with  12^0  hydrochloric  acid  (450  ml),  the  ether  solution  separ¬ 
ated,  neutralized  with  sodium  bicarbonate,  and  dried  over  sodium  sulfate.  Dis¬ 
tillation  of  the  product  in  vacuum  gave  I80  g  of  Isobutyl-P-methoxyethylvinyl- 
ethinylcarbinol  (V) : 

B.p.-  110-111®  at  11  mm)  ng®  1.4730,  dfg  0.9232)  MRd  59.57)  computed  58. 31^ 

6.857  Kg  substance:  18.-408  mg  CO2)  6.27  mg  H2O. 

5.687  mg  substance,  16.722  mg  CC2)  5.687  mg  H2O. 

Found  C  73-^0,  75-26)  H  10.20)  10. 25. 

^12^2002*  Computed  C  73  48)  H  10.20. 
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The  carbinol  obtained  wa?  in  ♦'be  form  of  a  r.cIor'»e&-  mobile  liquid  vith  a 
ohaxacterist ic  odor.  Upon  long-  standing  without  a  sTabili-er,  it  thiikened, 
and  polymerized  to  give  a  solid  ’■ran.sparent  polyrar  wi*::  a  yellow  color, 

The  hydroger.a*  ion  of  Iscbu*  vl-3-gg^t:hoxy6.  hylvinylethinylcarbinol ,  10  g  of  ' 

the  freshly  distilled  carbinol  \'f)  in  a  solution  of  20  ml  of  ethanol  was  hydro¬ 
genated  in  the  presence  of  platinum  catalyst.  The  hydrogen  absorbed  amounted  to 
3.8  1,  instead  of  the  3  89  1-  calculated  according  to  theory.  7»5  g  butyl- 
lsobutyl-3-aiethoxy-ethylcarbinol  (Vl)  was  obtained  in  the  form  of  a  colorless 
liquid  with  a  characteristic  odor; 

B.p.  110-111®  at  13  mm,  ng°  dfg  0, 87^+0;  MRjj  60.79,  computed  6O.78. 

4.128  mg  substance i  10.7*+8  mg  ZO2.]  4,700  mg  H2O0 

4.169  mg  substance.  iO:86l  mg  CC2J  4,755  mg  H2O. 

Fo^und  C  71, 06,  71  20;  H  12.74,  12,78. 

Ci2E2e02.  Computed  C  71.28;  H  12,87. 

The  action  of  butyl  magnesium  chloridg  on  l-methoxy-3 -methylhexane-3-one . 

In  a  round -bottomed  flask,  butyl  magnesium  chloride  was  prepared  in  the  usual 
way  from  2.4  g  of  magnesium,  and  9-2  g  of  butyl  chloride  in  a  solution  of  50  ml 
of  absolute  ether.  Then,  us:ng  cooling  with  ice  water  and  continuous  stirring^ 
l4,2  g  of  the  methoxy  ketone  (IV)  in  a  solution  of  20  ml  of  ether  was  added  drop 

by  drop.  The  stirring  was  continued  for  3  more  hours  at  a  temperature  of  20®, 

and  the  reaction  mixture  was  allowed  to  stand  overnight.  On  the  following  day 
the  product  was  hydrclyzed  with  12^  hydrochloric  acid  (30  ml),  extracted  with 
ether,  dried  over  sodium  sulfate,  and  distilled  In  vacuum,  7  g  of  the  butyl- 
isobutyl-3-methoxyethylcarbircl  (Vl)  described  above  was  obtained;  b.p.  109-110® 
at  12  mm,  n|°  1.4391;  dfg  0,8745 , 

The  action  of  vinylacetylenyl  magnesi^im  bromide  on  1 -methoxy -5 -methyl  -4- 
hexene-3-one .  In  a  round -bottomed  flask,  fitted  with  a  me-rhaniial 'stirrer ,' a 
dropping  funnel,  and  a  reflux  condenser,  vinylacetylenylmagnesium  bromide  was 
prepared  as  described  above  from  I6.5  g  of  magnesi'ia,  75 ■■5  g  of  ethyl  bromide, 
and  70  g  of  vinylacetylere  in  a  solution  of  'JQO  mi  of  absolute  ether.  To  the 
vlnylacetylenylm^goesium  brcmide  cbtalr.ed  there  was  added,  drop  by  drop^  ever  a 
period  of  3  hours,  using  corllng  with  water,  100  g  of  1 -methoxy-5-m£thyl-4-hex- 
ene-3-one  (ill),  dissolved  in  an  equal  volume  of  ether.  The  stirring  was  con¬ 
tinued  for  4  more  heure  at  room  temperature,  and  the  product  was  carefully  hyd¬ 
rolyzed,  using  cooling  wit’i  ire  water,  by  means  of  8‘]6  hydrochloric  acid  (200 
ml).  The  ether  sclution  was  separated,  neutralized  with  sodium  bicarbenate, 
and  dried  with  sodium  sulfate.  Distillation  of  the  product  in  vacuum  in  a  cur¬ 
rent  of  nitrogen  gave  74  g  cf  3 -methcxyethyl Is'^butenyl -vir ylethinylcarbinol 
(XXIV) : 

B.p.  110-111®  at  9  mm;  1,5060;  dfg  0.8228;  MRp  62.04,  computed  57.84. 

6.015  mg  substance;  16,321  m-g  CCp;  4.987  mg  R2O. 

5->644  mg  substance.  Z5’308  mg  CO2;  4.740  mg  H2O. 

Found  C  7^.05,  74=02,  H  9=28,  9,39, 

C12H18O2’  Computed  C  74,23;  H  9.27. 

The  carbinol  cbtalr.ed  was  in  the  form  cf  a  colorless  mobile  liquid  with  a 
characteristic  odcr,  upon  standing  without  a  stabilizer  It  thickened  and  polymer¬ 
ized.. 

isclutery^  .y_inylethir.ylrartir.o_l_^  10  g 
of  the  fresnly  distilled  arhir.'--!  'XXIV)  ir  a  scluticn  o'?  20  ml  of  ethanol  was 
hydregenat ?.d  ir.  the  press.n~e  cf  platinujii  catalyst.  The  hydrogen,  absorbed  was 
5.25  liters.  Instead  cf  the  5-2  liters  ."al'nlated  according  to  theory.  5 ’5  g  of 


the  butylisobutyl-3-methoxvethylcarbinol  (Vl),  described  abcve^  was  cttaintd. 

B.p.  119-121*  at  1^  mm)  n|°  1.^390^  dfg  0,a723= 

The  iscmerlzation  cf  i s obu t y  1  ^ 6 -me thcy.^e t hy Iv  1  r.vlet hir yl : arb Inol •  A  mixtur', 
of  50  g  of  the  carbinol  50  S  of  distilled  metranol,  and  4  g  of  finely  divi¬ 

ded  mercuric  sulfate  was  stirred  for  4  hours  at  a  temperature  of  40® .  During 
this  tine,  3  more  g  of  mercuric  sulfate  was  added.  At  the  beginning  of  the  ex¬ 
periment  the  temperature  of  the  reaction  mixture  was  maintained  at  UO®  by  the 
heat  of  the  reaction  itself,  but  at  the  end  of  the  experiment  the  water  bath 
was  used.  The  product  of  the  reaction  was  poured  off  from  the  catalyst,  care¬ 
fully  neutralized  with  a  solution  of  soda,  dried  with  sodium  sulfate,  and  dis¬ 
tilled  in  vacuum.  27  g  of  l,7-dimethoxy-5-isobutyl-4-heptene-3-one  (vill)  were 
obtained  in  the  form  cf  a  light  yellow  mobile  liquid  with  a  chairacteristic  odor*. 

B.p.  I28-I3O®  at  10  mmj  I.465O;  dfo  0.9^03^  MRq  63.625  computed  65. 06." 

4. 115  mg  substance.  10,319  mg  CO2,  3*840  mg  E2O. 

4.400  mg  substance:  11,057  mg  CO2;  4.170  mg  H2O. 

Found  C  68.43,  68.585  H  10.44,  10. 60. 

C13H24O.  Computed  C  63.42;  .  H  10. 52. 

The  dimethoxy  ketone  obtained  (VIIl)  did  not  give  crystalline  derivatives 
with  semicarbazide  and  2,4-dinitrophenylhydrazine. 

The  ozonization  of  1^7-dimethoxy-5-lsobutyl-4-heptene-3-one.  Ozonized  oxy¬ 
gen  was  passed  for  23  hours  with  a  velocity  of  4  liters  per  hour  (concentration 
of  ozone  5^)  through  a  solution  of  11  g  of  the  dimethoxy  ketone  (VIIl)  in  50  & 
of  dry  chloroform.  To  the  solution  of  the  ozonide  30  ml  of  water  were  added, 
and  the  mixture  vqs  stirred  for  1  hour  at  20°;  then  4  g  of  30^  hydrogen  peroxide 
was  added,  and  the  stirring  was  continued  for  5  hours  more  at  5O* .  The  reaction 
mixture  was  neutralized  with  soda  (53  g);  and  the  neutral  products  extracted 

with  ether,  dried  over  sodium  sulfate,  and  distilled  in  vacuum.  3*1  g  of  1- 

methoxy-5-methylhexane-3-one  was  obtained,  b.p.  64-65.5“  at  11  mm;  1.4170. 

The  aqueous  solution  of  salts  of  organic  acids  was  evaporated  to  dryness  on  the 
water  bath,  and  the  residue  acidified  with  concentrated  hydrochloric  acid  (I3 
ml).  The  organic  acids  were  extracted  with  ether,  dried  over  sodium  sulfate, 
and  distilled  in  vacuum,  1,9  g  of  3-methoxypropior.ic  acid  was  obtained.  B.p. 
70-74°  at  5  mm  and  200-203*  at  '(60  mm;  n£°  1.4218. 

Upon  titration,  this  add  gave  the  following  results: 

0,1500  g  substance:  l4.06  ml  O.i  N  KOH. 

Found  M:  IO8.5. 

C4Ha03.  Computed  M:  104. 

The  hydrc?genat  ion  of  1 , 7  -dimethoxv -5-I  sobutyl  -4  -heptene-3-one  -  5  g  of  the 

freshly  distilled  dimethoxy  ketone  (Viii)  was  hydrogenated  in  20  ml  of  alcohol 
above  platinum  catalyst.  The  hydrogen  absorbed  was  0-54  liter  Instead  of  the 
0,55  liter  required  by  theory.  4.3  g  v'f  1  a7“dimethcxv-5“isobutvlheptane-3-one 
(X)  was  obtained  in  the  form  of  a  transparent  mobile  liquid:  I 

B.p.  129-131°  at  12  mm;  ng°  1.4400;  d|§  0.9194;  MR^  66.01.  Computed  65.55. 

3*848  mg  substance:  9*117  mg  CO2;  3*410  mg  H2O. 

Found  C  68,20;  H  11.46. 

C13H26O3.  Computed  C  67.82;  H  11. 36. 

The  dimethoxy  ketone  (X)  obtained  did  not  give  a  crystalline  semlcarbazone 
cr  2, 4-dinltropher.ylhydrazone. 

The  cleavage  of  methanol  from  1 , 7--dimethoxy-5-lsobutyl-4 -heptene-3-one.  12 
g  o.'  the  methoxy  ketone  (VIIl}  were  distilled  in  vacuum  in  the  presence  of  O.O5 
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g  of  p-toluene  sulfonic  acid.  U  6  g  of  ^-iscbu^-.v! -7..mf.thoxy-l  .4  •heptadiene-3- 
one  (VIl)  was  obtained  in  the  fori  of  a  liquid  with  a  yel^cw ..green  color  and 
a  sharp  odor. 

B.p.  94-97**  at  8  mm,  'I  dfg  0.9110.;  MRd  58-535  computed  58.52. 

9 -.88  mg  substance:  25.78  mg  C02>  8.99  nig  H2O. 

15.58  mg  substance.  58.16  mg  CO25  12, 6l  mg  H2O. 

Found  C  72.62,  72.775  H  10.45,  10.40. 

C12B20O2 ’  Computed  ^  C  73.48,  H  10.20. 

The  hydrogenation  of  5 -isobutyl-7-methoxv-l,4-hsptadiene-5-oi^e .  3  g  of  the 

‘  dlvlnyl  ketone  TviiT  was  hydrogenated  in  a  soluticn  of  15  ml  of  alcohol  above 
platinum  catalyst.  In  57  minutes,  75O  ml  of  hydrogen  was  absorbed  instead  of  the 
755  ml  required  theoretically  for  the  hydrogenation  of  two  double  bonds.  2.5 
g  of  5-lsobutyl-7-methoxyheptane  •5-cne  (IX)  was  obtained  in  the  form  of  a  color¬ 
less  liquid  with  a  weak  odor'. 

B.p.  95-97®  at  8  mm;  n|°  1.4550;  d|o  0,8806;  MRd  59.21;  computed  59-31. 

5.841  mg  substance:  10,l60  mg  CO2;  4.172  mg  H2O. 

3.720  mg  substance:  9.8l9  mg  CC2;  3.978  mg  H2O. 

Found  C  72.19>  72-05;  H  12,15,  11.95. 

C12H24O2.  Computed  C  72.00;  H  12.00, 

12,287  mg  substance:  19,l8  ml  0.01  N  Na2S203  (Tseizel), 

11,500  mg  substance:  17,80  ml  0,01  N  Na2S203, 

Found  CE3O  I6.O9,  16.58, 

CiiH2i0(0CxH3)  .  Computed  CH3O  I5.8, 

This  ketone  did  not  give  crystalline  products  with  semlcarbazlde  and  2,4- 
dlnltrophenylhydrazine . 

The  dehydration  of  iscbntvl -3 -methoxyethyl vln^f^lethinylcarbinol ,  a)  A  mix¬ 
ture  of  100  g  of  the  carbinol  ^v)  and  lOO  g  c"f  50^  sulfuric  acid  was  stirred 
vigorously  on  the  water  bath  at  60®  for  3  hours.  The  product  was  extracted  with 
ether,  neutralized  with  a  solution  of  soda,  dried  over  sodium  sulfate,  and  dis¬ 
tilled  in  vacuum.  75  g  "'f  5''iscbutyl -7-methoxy -1,5 -heptadiene-3-ine  (Xl)  was 
obtained  in  the  form  of  a  mobile  liquid: 

B.p.  88-90°  at  11  mm-,  ng-  1.4957;  d|g  0.8478;  MRd  59-92,  computed  56.52, 

5.520  mg  substance:  15-797  mg  CC2;  4,790  mg  H2O, 

5.184  mg  substance:  15=308  mg  CCa"  4,662  mg  H2O. 

Found  C  80,90^80,66;  H  10,10,  10  07. 

Ci2HiB0.  Computed  C  80,90;  H  10,11, 

b)  10  g  of  the  carbir.cl  and  10  g  of  phosprcric  acid  (sp,  gr.  1-73)  were 

stlrrcKi  vigorously  at  a  temperature  .of  60°  for  5  hours.  When  the  carbinol  was 
mixed  with  the  phcsphcric  arid^  a  rise  in  the  temperature  from  I8  to  59°  'was 
observed  The  product  was  diluted  vrith  water  (10  ml),  extracted  with  ether, 
neutralized  with  a  solution  of  seda,  dried  with  sodium  sulfate,  and  distilled 
in  vacuum,  6.5  g’ of  the  dienirie  'Xl)  was  obtained,  B.p,  88-90*  at  11  mm: 
1,4957: 

The^hy^Ugciatior  cf_h  -Isobutyl  "'^-methoxv-1  ..5-heptadiene-5"ine .  5  g  of  Ihe 

freshly  distilled  dienine  'Xl''*  va.s  hvdrogenat ed  in  a  solution  of  25  ml  of  ethan¬ 
ol  in  the  presen^'e  of  plati-um  cxide  The  rydroger  absorbed  was  2,7  liters; 
theoretical  .y,  the  hydrrge“a'‘ i  cr  ~f  tv;-  diubie  and  ;ne  triple  bond  required  2,85 
liters  rf  hydrogen.  4  g  of  5 *- scbutyl  -7  •methoxyheptane  (XIl)  were  obtained  in 
the  form  -rf  a  transparent  liquid 

B.p,  30.82'“  at  II  m,m.  ng°  1.4270,  di?  0,8005,  MRp  59  66;  computed  59,25. 
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4.860  mg  substance:  lJ-840  mg  CO^;  5-9^7  mg.  H2O. 

5,470  mg  substance:  15’577  Eg  COp'.  mg  H2O. 

Found  C  77-71,  77.71;  H  13-7^,  13-77- 

C12H26O.  Computed  C  77  =  ^li  H  13 ■>97- 

13-099  Eg  substance:  20,97  e1  0.01  N  Na2S203  (Tseizel), 

Found  CH3O  16,55- 

CiiH23(0CH3) .  Computed  CH3O  I6.72. 

The  dehydration  of  Isobutenyl-S-methoxyetbylvinylethlnylc^binol .  A  mix¬ 
ture  of  2o  g  of  isobutenyl-p-methoxyethylvinyiethinylcarbinol  (xxiv)  and  26  g 
of  30^  sulfuric  acid  was  stirred  vigorously  on  the  water  bath  at  60®  for  1  hour. 
The  product  was  extracted  with  ether,  neutralized  with  a  scluticn  of  soda, 
dried  with  sodium  sulfate,  and  distilled  in  vacuum  in  a  cui'reat  of  nitrogen.  10  ’ 
g  of  the  methoxytrienine  (XXV)  was  obtained  in  the  form  of  a  colorless  mobile 
liquid,  which  upon  standing  without  a  stabilizer  quickly  polymerized  first  into 
a  viscous  mass,  and  then  to  a  solid  polymer: 

B.p.  105-108'  at  12  mm)  ng°  1-5520;  df°  0.8837;  ^1-53;  computed  55-85. 

6.280  mg  substance:  l8,6lO  mg  COp)  5-230  Eg  H2O. 

Found  C  80,87;  H  9-32. 

CX2H16O.  Computed  C  8I.8I;  H  9-09- 

The  hydrogenatlonof  7~methoxy-5-isobutenyl-l ,5-t^-p4adlen-3-ine.  3  g  of 
the  freshly  distilled  methoxytrienine  (XXv) '  was  hydrogenated  in  a  solution  of  I5 
ml  of  ethanol  in  the  presence  of  platinum  oxide.  The  hydrogen  absorbed  was  2.1 
liters;  according  to  theory,  2.15  liters  of  hydrogen  were  required  for  the  hyd¬ 
rogenation  of  three  double  bonds  and  one  triple  bond.  2.5  g  of  the  5-isobutyl- 
-7-Eethoxyheptane  (XIl)  described  above  was  obtained,  b.p,  80-83“  at  11  mm; 

n^°  1.4272. 

The  hydration  of  5-isobutyl-7-Eethoxy-l,5-heptadiene-3-ine.  To  I60  g  of 
85^  methanol  there  was  added  0.2  g  of  pyrogallol,  7  g  Pf  mercuric  sulfate,  O.3 
g  of  concentrated  sulfuric  acid,  and  70=5  g  of  the  dienine  (Xl).  The  mixture 
was  stirred  energetically  at  62-65°  ^or  4  hours.  During  this  time  two -half- 
portions  of  an  additional  quantity  of  5  g  o^*  mercuric  sulfate  were  added  (after 
each  hour),  so  that  the  total  amounted  to  12  g.  Most  cf  the  methanol  was  dis¬ 
tilled  off  at  about  75  mm  pressure  at  a  bath  temperature  of  45°.  The  product 
was  carefully  neutralized  with  soda  and  extra-'te’d  with  ether,  then  dried  with 
sodium  sulfate  and  distilled  in  vacu’.mi.  68  g  of  the  dienor.e  (XIIl),  was  obtained 
containing  the  dimethoxy  ketone  (XIV)  as  an  impurity.  The  b.p.  was  105-118“  at 
11  mm;  nQ^l.4700.  Upon  further  fractionation,  pure  5-isotutyl-7-methoxY-l ,5- 
heptadiene-4-one  was  obtained  (XIIl),  in  the  form  cf  a  light  yellow,  mobile 
liquid,  which  polymerized  upon  standing. 

B  p.  95-97*  at  5  mn;  n®°l.U700;  df°  0.9210;  MBc  59-25; 

computed  58-33- 

6,210  mg  substance;  16,582  mg  CO2;  5-717  mg  H2O. 

6.855  Eg  substance:  12,982  mg  CO2;  ^-^55  Eg  H2O. 

Found  c  72.87;  72.97;  H  10,30,  10,27- 

Ci2^2o02=  Computed  C  73*^8;  H  10,20. 

11.204  mg  substance;  17  12  ml  0,01  N  Na2S203  (Tseizel). 

18,500  Eg  substance;  I8  50  ml  0,01  N  NasSsOs. 

Found  CHaO  15,80,  I5.43. 

•  CiiHiyOlOCHa) o  Computed  CH3O  15,8l. 

X*!?  hydrcger.at ion  of  5 -^sobutyl -7 -methc  xy  -1  ^5  -h  :.ptadiene-4  -une .  5  g  of  the 

dienone  Txili.1  was  hydrogenated  in  20  ml  of  alcohol  above  Pt  catalyst.  The 


hydrogen  absorbed  was  1  15  liter,  for  the  hydrv-ce'at  1  •'n  of  two  double  bends,  1.2 
liters  of  hydrogen  were  required  theoretically  ^.7  g  of  5-lscbutyl-7-methcxy- 
heptane -U -one  was  obtained  in  +  he  form  of  a  ir.-llle  liquid  with  a  characteristic 
odor; 

B.p.  118-120*  at  18  ranj  ng'^  d|8  0.88123  MP.^  59^01.  Computed  59-27. 

3.915  substance;  10. 366  mg  CO25  ^.007  mg  H2O. 

Found  C  72.01,  H  11.70. 

C12H24O2.  Computed  i.  C  72. 00 5  H  12.00. 

The  methoxyketene  ^XV)  obtained  did  not  give  a  crystalline  derivative  with 
semlcarbazide  or  2,4  .dinitrcphenyihydrazine , 

The  ozcnlzatlon  of  5 vl-7 -methoxy -1 .5  -*£ eptadiene  -4-one .  Ozonized 
oxygen  was  passed  for  19  hours  with  a  velcolty  of  4  liters  per  hour  (concentra¬ 
tion  of  ozone  5^)  through  a  solution  of  10  g  of  the  dlencne  (XIIl)  in  40  g  of 
dry  chloroform.  The  ozenide  was  poured  off  into  20  ml  of  water  and  the  mixture 
was  stirred  for  1  hour  at  room  temperature)  then  3  g  of  30/S  hydrogen  peroxide 
solution  was  added,  and  the  mixture  was  stirred  a"^  5O-6O*  for  7  hours.  The  solu¬ 
tion  was  neutralized  with  soda  ^8  g))  the  neutral  products  were  extracted  with 
ether, but  there  was  hardly  anything  of  them.  In  a  separate  test  of  the  aqueous 
solution  of  the  salts  by  the  calomel  method,  1,2  g  of  formic  acid  was  found) 
this  corresponded  to  50^  of  the  theoretical  amount.  The  aqueous  solution  of 
salts  was  then  evaporated  to  dryness  on  the  water  bath,  the  residue  acidified 
with  concentrated  hydrochlcric  acid  ^l8  mi)  and  carefully  extracted  with  ether. 
After  drying  with  sodium  sulfate,  the  ether  was  driver,  off  on  the  water  bath  and 
the  residue  distilled  in  vacuum.  3  4  g  of  a  mixture  cf  formic,  methoxyacetic, 
Isobutyric,  and  isovaleric  a^ids  was  obtained,  boiling  from  ICO  to  I90*  (7^0 
mm).  From  this  mixture,  1.3  g  of  a  fraction  which  boiled  frem  I5O  to  190“  was 
obtained,  and  from  this,  fractional  preclpi tati'^n  gave  silver  salts; 

1st  fraction;  O.1436  g  substance.  0  0776  g  Ag. 

0.0483  g  substance;  O.O263  g  Ag. 

Found  Ag  54.04,  54,45. 

C4H702Ag.  Computed  iai  Ag  55*36  = 

2nd  fraction;  O.O35O  g  substance.  0,0i69  g  Ag. 

0.1058  g  substance.  O.C540  g  Ag 

Found  'jt.  Ag  51-21,  51  =  59* 

C5H902Ag.  Computed  ^  A.g  51-64, 

The  preparation  of  2, 7 -dimethoxy-^ -i scbu-tj'l -5 -heptene-4-cji9  .  To  40  g  of 
85^  methanol,  there  were  added  a  small  amount  of  p-/Tcgallcl  5  g  of  mercuric 
sulfate,  3  drops  cf  "oncentratei  sulfuric  acid,  and  25  g  of  the  dienine  (Xl). 

The  mixture  was  stirred  vigorously  at  02-65°  for  13  hours,  and  during  this  time 
approximately  1  g  portions  of  a  7  g  amount  cf  mercuric  sulfate  were  added,  so 
that  the  total  of  HgSC'4  was  10  g  Meat  of  the  methanol  was  distilled  off  at 
about  7Q  mm  at  a  bath  temrera'^ure  ''f  45*.  The  produ't  was  carefully  neutralized 
with  soda,  extracted  with  ether,  dried  with  sodium  sulfate,  and  distilled  in 
vacuum.  11  g  of  2,7  dime’^ :  :  xy  .5  •:  s^hutyl -heptere -4 .,cne  [y.l7)  was  obtained  in  the 
form  of  a  light  yellc-'  liquid  witn  a  ':hara'’ter: stic  odor; 

B.p,  109.110'  at  6  Tinn.  1.4647;;  d?3  7  9466;  MPp  66.03 ,  Computed  65. 05, 

5.456  mg  sur-uan  e-  15  BlB  mr  CCp)  5.135  mg  H2O. 

4,105  mg  £:bsta-e.  ‘  ^6..  mr  Cf  2  J  3^655  mg  K2O 

Fc.r.d  1c  C  12  6?. 02;  H  10. 53,  10,51, 

CiaH2=.Co'  rcmp.ied  C  66-1*2-.  H  10,51. 


This  dime*  boxy  kc'‘  :ne  di  d  n'lt  givi 


rvstall'.r'e  semucarbazone  or  2, 4-di 


nitrcphenylhydrazone . 

The  cleavage  of  methanol  frcrr  2; 7-  dlmethcxy  ischMtyl- ^ -hecter. :  •  ,r-e 

3  g  of~the  dimethoxy  ketone  Txiv)  was  distilled  in  vacunm  in  the  presenre  of 
g  of  p -toluene  sulfonic  acid,  0.9  g  of  the  above-described  ^..^ethoxy -5-isc.tutyl 
1,5-heptadlene-^-one  (XIIl)  was  obtained  in  the  form  of  a  mobile  light-yellow 
liquid!  b.p,  102-105*  at  8  mm,  n^®  1.4702.  Tarry  residue,  2  g. 

The  hydrogenation  of  2,7-dimethoxy-5-^tsobutyl -5^heptene-4-cne .  5  g  of  the 

dimethoxy  ketone~TxiVj  was  hydrogenated  in  a  soluticrx  of  20  ml  of'alcohcl  in  the 
presence  of  platinum  oxide.  The  hydrogen  absorbed  amounted  to  0,6  liter  in  15 
hours!  according  to  theory,  the  hydrogenation  of  a  single . double  bond  required 
0.57  liter  of  hydrogen.  2,2  g  of  2,7‘*dimethox>'-5-2.sobutylheptane-4-one  (XVl) 
was  obtained  in  the  form  of  a  colorless  liquid? 

B.p.  110-112*  at  12  mm!  n^°  1.4560;  dio  0.9502;  MR])  65^35.;  computed  65.53. 

3.042  mg  substance?  7-572  mg  CO25  3 *240  mg  HsO, 

4,172  mg  substance;  10.377  nig  C02>  4.510  mg  H2O. 

Found  C  67.94,  67.91;  H  11.92,  12,10. 

CioE26C3.  Computed  ^?  C  67.82;  H  II.3. 

The  ring  closure  of  7  -iDethoxy-5“i sobutyl-1 . 5-heptadiene-4-one .  A  mixture 
of  25  g  of  the  dlencne  TxiliT  and  25  g  of  phosphoric  acid  (sp.  gr,  1.73)  was 
stirred  vigorously  at  60°  for  4  hours.  The  phosphoric  acid  was  added  to  the 
ketone  with  cooling,  as  considerable  evolution  of  heat  was  observed  during  the 
process.  After  the  stirring  had  been  concluded,  40  ml  of  water  was  added  to 
the  reaction  mixture  and  the  product  was  extracted  with  ether  and  dried  with 
sodium  sulfate.  7  g  of  the  cyclic  ketone  (XVIl)  was  obtained  in  the  form  of 
a  transparent  colorless  mobile  liquid? 

B.p.  109-110*  at  6  mm;  ng°1.4735;  d|8  O.963O;  MRj)  57-^9;  computed  56. 60. 

6.300  mg  substance?  I6.78O  mg  CO2;  5‘780  mg  H2O. 

5.260  mg  substance;  13-987  nig  CO2;  4,830  mg  H2O. 

Found  ^?  C  72.69;  72.35;  H  10.27,  10.28. 

C12H20O2.  Computed  ^?  C  73-48;  H  10.20. 

10 0697  mg  substance?  l4.60  ml  0.02  N  Na2S203  (Tseizel) 

9? 806  mg  substance;  13 ’63  ml  0.02  N  Na2?203. 

Found  CH3O  14.11,  i4Tl5. 

CiiHi70(CCH3),  Computed  CH3O  I6.3 

This  ketone  did  not  give  a  crystalline  derivative  vith  semicarbazide  or 
with  2,4~dinitrophenylhydrazine 

The  hydrogenatlnn  of  the  ryclopenter.one  (XVIl).  8  g  of  the  freshly  dis¬ 
tilled  ketone  was  hydrogenated  in  a  solution  of  I5  ml  cf  absolute  ether  in  the 
presence  of  Pd  catalyst-  In  45  hours,  O.5  liter  cf  hydrogen  was  absorbed,  while 
for  the  hydrogenation  of  a  single  double  bond,  it  was  calculated  that  0.8  liter 
of  hydrogen  was  necessary.  Fractional  distillation  gave  3  g  of  the  cyclopent- 
anore  (XIX);  b.p.  85-86'  at  8  mm;  n^®  I.458O. 

The  2,4--dinitrophenylhydrazone  of  this  ketone  was  obtained  in  the  form  of 
orange  crystals  with  m.p.  96-97-5'"  (from  alcohol)? 

4.505  mg  substance?  0576  ml  N2  (21*,  751  mm). 

3.472  mg  substan'"e?  0-449  ml  N3  (20°,  746  mm). 

Found  N  14,67,  14.79- 

C18R2625N4,  Ccmpu'^ed  N  l4.8l. 

The  cyclopen tenone  (X^/Il)  was  no1-  hydi'cgenated  in  a  solution  of  alcohol  and 
glacial  acetic  acid  in  the  presence  of  Pt  catalyst. 
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The  oxidation  of  the  cycloper-.tencne  (XVII^  .  15  g  cf  the  cyclopentencne 

were  mixe'd”with  2CO  ml  water,  and  while  stirring  went  rn  cr.ntlr.ually  for  h 
hours,  2k  g  of  finely  divided  potassium  permanganate  was  added  In  small  portions. 
The  reaction  mixture  was  allowed  to  stand  overnight,  and  on  the  following  day 
it  was  again  stirred  for  2  hours.  The  manganebe  dioxide  was  filtered  off  and 
washed  with  hot  water,  and  any  neutral  products  were  extracted  with  ether;  none 
of  them  were  found.  The  aqueous  extract  was  evaporated  to  dryness  on  the  water 
bath,  the  salt  residue  was  acidified  with  concentrated  hydrochloric  acid  (^5  ml), 
and  the  organic  acids  were  carefully  extracted  with  ether,  dried  with  sodium 
sulfate,  and  fractionated  in  vacuum;  the  1st  fraction  had  b.p.  55-70**  at  11  mm; 
np°  1.5950  -  0.8  g;  the  2nd  fraction  had  b.p.  9^-104®  at  6  mm;  n^^  1.4405  — 

5*7  g;  the  third  fraction  had  b.p,  115-125“  at  2  mm,  1.6  g. 

The  first  fraction  contained  the  formic  acid.  The  second  fraction  was  a 
mixture  of  isovaleric  and  methoxyacetic  acids;  it  was  distilled  once  more  at 
normal  pressure  (b.p.  l6l-179“)^  and  from  this  fraction  the  silver  salts  were  ob¬ 
tained  by  fractional  precipitation: 

0.0774  g  substance:  0.0402  g  Ag. 

0,0650  g  substance:  0.0540  g  Ag. 

Found  ioi  Ag  51.92,  52.5. 

C5H902Ag.  Computed  Ag  51’^. 

After  precipitation  of  the  silver  salt  of  isovaleric  acid,  the" aqueous  solu¬ 
tion  was  evaporated  in  a  vacuum  desiccator.  The  silver  salt  of  methoxyacetic 
acid  thus  obtained  was  also  analyzed: 

0.l4l0  g  substance:  0,0770  g  Ag. 

Found  Ag  ‘^k.SO, 

CHaOCHsCOOAg.  Computed  Ag  54.79* 

The  third  fraction,  obtained  in  the  form  of  a  very  thick,  dark  red  liquid, 
which  upon  standing  partially  crystallized,  was  the  diketo  acid  (XXl).  Its  semi- 
carbazone  melted  at  178-179''  (from  methanol): 

5.500  mg  substance:  5*8^  nil  O.OI  N  H2SO4. 

•  •  .5*599  mg  substance.  5.<^1  ml  0,01  N  H2SO4, 

Found  N  25.40,  25,10, 

0i4H2605N6.  Computed  'jt:  N  25.46. 

When  the  methoxy  groups  were  determined  in  this  semicarbazone,by  the  method 
of  Tseizel,  8,27  and  8,25^  of  CE3O  groups  were  fo’ind. 

Titration  of  the  diketo  acid  (XXl)  gave  the  following  results: 

0.1070  g  substance:  4.45  ml  0.1  N  KOH. 

Found:  M  240.6, 

C12H20O5.  Computed:  M  244. 

The  ozonizaticr.  of  the  cycloketc^.e _ (XVIl) ,  Ozonized  oxygen  was  passed  for 

26  hours  with  a  velocity  cf  5  liters  per  hour  (ozone  concentration  5^)  through 
a  solution  of  I7  g  of  ketone  in  60  g  of  dry  chloroform.  Then  40  g  of  5')^  hydrogen 
peroxide  was  added  to  the  ozcnlde  solution,  and  the  mixture  was  stirred  for  1 
hour  at  room  temperature  and  for  5  hours  at  a  temperature  of  55**  •  The  product 
was  neutralized  with  soda  ^l4  g)  and  extracted  with  ether,  but  there  were  no  neu¬ 
tral  substan'^es  present.  The  aqueous  solution  of  salts  was  evaporated  to  dryness 
and  the  residue  acidified  with  ■  on-e.ntrated  hydrochloric  acid  ^24  ml).  The 
organic  acids  wore  carefully  extracted  with  ether,  dried  with  sodium  sulfate, 
and  fractionated  in  vacuum  on  the  water  bath. 

1st  fraction  with  b.p.  40-47*  at  11  mm;  ng°  1,5580  -  2,1  g; 

2nd  fraction  with  b-p,  75-80*  at  7  mm;  n^*^  1-4192  -  5,5  g. 


The  first  fraction  was  chiefly  formic  acid  (calomel  test),  which  at  atmos¬ 
pheric  pressure  boiled  from  100  to  15^°.,  The  second  fraction  boiled  at  atmos¬ 
pheric  pressure  from  I58  to  j  and  was  a  mixture  of  isovaleric  and  methoxy- 
acetic  acids.  Analysis  of  the  silver  salts  of  this  fraction  gave  the  following 
results; 

0.0970  g  substance:  O.O5IO  g  Ag. 

Found  Ag  52.5* 

C5H902Ag.  Computed  Ag 

A  determination  of  the  methoxy  groups  in  the  second  acid  fraction  gave  the 
following  results: 

12.099  nig  substance;  35 *^5  ml  0.01  N  Na2S203. 

11,020  mg  substance;  31 ’10  ml  0.01  N  Na2S203. 

■  Found  CH3O  28.57>  29.20. 

CH3OCH2COOH.  Computed  CH3C  55 *5* 

After  the  volatile  acids  had  been  distilled  off  under  vacuum  on  the  water 
bath,  the  crystalline  residue  was  recrystallized  from  benzene.  The  lactone-acid 
(XXIIl)  was  thus  obtained  in  the  form  of  white  crystals,  m.p.  150-151.5*>  very 
soluble  ip  alcohol  in  the  cold,  as  well  as  in  water  and  in  benzene  upon  heating; 

3.598  mg  substance;  7*822  mg  CO25  2.625  mg  H2O, 

Fqund  C  57.81;  H  8.I6. 

C9H14O4.  Computed  C  58.O;  H  7*52. 

The  substance  obtained  contained  no  methoxy  group  at  all.  Upon  titration, 
the  following  data  were  obtained  for  this  lactone-acid; 

0.108  mg  substance;  10,49  ml  0.1  N.  KOH. 

•  .  Found;  M  I98. 

C9H14O4.  Computed:  M  I86: 

The  action  of  ammonia  on  7~methoxy-5-isobutyl-l , 5-beptadiene-4-one .  A  mix¬ 
ture  of  20  g  of  the  dienone  Ixiil),  oO  g  of  an  aqueous  solution  of  ammonia  (sp. 
gr.  0.91),  and  50  ml  of  alcohol  was  saturated,  with  gaseous  ammonia  at  -2®  (weight 
of  ammonia  gained  29  g)‘.  The  mixture  was  then  heated  in  the  autoclave  at  60®  for 
4  hours.  The  ammonia  was  driver  off  in  vacuum,  at  first  in  the  cold,  and  then  by 
heating  on  the  water  bath  at  45®.  The  solution  was' neutralized  with  10^  hydro¬ 
chloric  acid  until  there  was  a  weakly  acid  reaction,  and  the  neutral  products 
were  extracted  with  ethei*.  ’The  organic  bases  were  salted 'cut  with  potash,  ex¬ 
tracted  with  ether,  dried  with  sodium  sulfate,  and  distilled  in  vacuum.  11  g  of 
the  piperidone  (XX)  was  obtained  in  the  form  of  a  transparent,  mobile  liquid, 
which  turned  yellow  upon  standing; 

B.p.  110-120®  at  6  mm;  1-4700;  df?  0,9706;  MRj;  6l,13.  Computed  6O.66, 

12,602  mg  substance;  5,60  ml  0.01  N  H2SO4. 

15,099  mg  substance;  7,00  ml  0.01  N  H2SO4. 

Found  N  6.22,  6.49." 

C12H23O2N.  Computed  N  6.57* 

14.200  mg  substance;  21,55  ml  0.01  N  Na2S203  (Tseizel). 

Found  CH3O  I5.69. 

CiiH2o0N(0CK3) ,  Computed  CH3O  14.55 

The  semicarbazone  of  the  pipcv-idone  (XX)  melted  at  I76-I77®  (from  alcohol); 
the  picrate  melted  at  146-147®  (from  alcohcl), 

SUmARY 

The  action  ef  vinylacetylenyliragneslum  bromide  on  3-methoxyisobutylketone 
gave  S-methcxyethyliscbutylvinyleLhirylcarbincl  (v)  in  70%  yield;  under  the 
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Influence  of  mercuric  sulfate  in  methanol  solution  this  was  easily  isomerized  to 
give  the  divinyl  ketone  (VIl),  and  under  the  conditions  of  the  experiment  the 
latter  added  on  methanol  to  give  the  dimethoxy  ketone  (VIIl) .  The  vinylethinyl- 
carbinol  (v),  upon  heating  with  dilute  sulfuric  acid,  was  easily  dehydrated,  and 
was  transformed  with  a  yield  of  85^  into  the  dienine  (Xl) .  Upon  heating  with 
aqueous  solutions  of  methanol  in  the  presence  of  mercuric  sulfate,  the  latter  was 
hydrated  to  give  about  90^  of  a  yield  of  the  dienone  (XIIl) which  under  the  con¬ 
ditions  of  the  experiment  added  on  methanol  and  formed  the  dimethoxy  ketone 
(xrv).  When  methanol  was  split  off  from  the  dimethoxy  ketones  (VIIl)  and  (^IV) 
by  means  of  p-toluene  sulfonic  acid,  the  corresponding  dienones  (VIl)  and  (XIIl) 
were  again  formed.  Under  the  influence  of  phosphoric  acid,  the  dienone  (XIIl) 
underwent  ring-closure  to  give  the  cyclopentenone  (XVIl),  which  under  the  condi¬ 
tions  of  oxidation  and  ozonlzatlon  is  apparently  partially  isomerized  into  the 
cyclopentenone  (XVIIl) .  The  action  of  ammonia  on  the  dienone  (XIIl)  gave  a  good 
yield  of  the  piperidone  (XX) .  The  action  of  vinylacetylenyl  magnesium  bromide 
on  the  unsaturated  methoxy  ketone  (III)  gave  a  60^  yield  of  lsobutenyl-3-methoxy- 
ethylvlnylethinylcarbinol  (XXIV),  which  is  dehydrated  with  extreme  ease  to  give 
the  trienlne  (XXV).  Hydrogenation  was  carried  out,  and  the  hydrogenated  deriva¬ 
tives  of  the  unsaturated  compounds  described  above  were  obtained. 
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THE  INVESTIGATION  OF  SIDE  REACTIONS  IN  THE  PROCESS  OF  CONTACT 


SYNTHESIS  OF  DIVINYL  FROM  ALCOHOL  BY  THE  METHOD  OF  S.V, LEBEDEV 

I.  AN  INVESTIHATIOI'T  OF  THE  FORMATION  OF  ALDEir/DES,  ALCOHOLS  AND 
HYDROCARBONS  OF  THE  AIJPHATIC  SFJUES  WITH  AN  EVEN  NL?.!BER  OF  CAR^O^^  ATOMS 


Yu.  A.  Gorin 

The  AcRdemlcian  S.  V.  Lebedev  All-Dnlon  Scientific  Research  Institute  for  Syn¬ 
thetic  Rubber,  awarded  the  Order  of  the  Red  Banner  of  Labor 

As  has  already  been  Indicated  in  a  number  of  preceding  papers,  the  forma¬ 
tion  of  divinyl  from  ethyl  alcohol  is  a  complicated  process,  taking  place  in 
several  steps  on  the  surface  of  a  mixed  catalyst  suggested  by  S.V. Lebedev  [ij. 
The  complicated  nature  of  the  process  is  Indicated  by  the  rather  high  number  of 
side  reactions  vhich  accompany  the  formation  of  the  main  reaction  product,  the 
dlvinyl.  With  the  first  catalyst  that  S.V. Lebedev  used,  the  yield  of  byproducts 
was  very  considerable.  Later  on,  the  amount  of  byproducts  obtained  was  consider 
ably  decreased.  Table  1  gives  the  yields  of  both  the  dlvinyl,  the  main  product 


of  the  reaction,  and  of  the  byproducts 

An  investigation  of  the  side 
reactions,  in  addition  to  its 
theoretical  interest,  is  also  of 
great  practical  significance.  A 
^knowledge  of  the  nature  of  the 
reactions  for  the  formation  of 
byproducts  facilitates  the  possi¬ 
bility  of  struggling  against  them 
with  the  objective  of  suppressing 
them  and  of  increasing  the  yield 
of  the  dlvinyl,  the  main  product 
of  the  reaction. 

In  order  to  explain  the  mech¬ 
anism  of  the  ^formation  of  byprod¬ 
ucts,  S.V.Lobedev  proposed  a  theory 
which  was  based  on  assumptions  he 
developed  in  order  to  explain  the 
main  reaction,  the  formation  of 
dlvinyl  [i].  In  accordance  with 
the  views  of  S.V. Lebedev,  the 
molecules  of  alcohol,  under  the 
influence  of  the  dehydrogenating 
or  dehydrating  components  of  the 
catalyst,  are  converted  respect¬ 
ively  into  fragnients  "a'‘ 

•  (-CH2-CK2-)  and  »b'  f-CPIs-CHOH-) , 


with  the  first  catalyst  [1]. 


TABLE  1 


Substance 

Yield  (in 
vt.  ^  of  al 
cohol  that 
reacted) 

TTyd-rngpn  ...» . . . 

I.3-I.6 

Carbon  monoxide  . 

0.2-0. 5 

Hydrocarbons 

Methane  . . . 

O.U-0.6 

Ethylene  . . 

5-8 

Butylene  (Butene-2)  . . . . 

3-4 

Dlvinyl  ...  . . . 

20-25 
0.5-0. 7 
0.5-0. 7 

0.4-0. 5 

Pentene-2  . . . 

Plperylene  (Pentadiene-1,3) • • 
Hexene-2  . . 

Dipropenyl  (Hexadiene-2,4 )  ,. 
Toluene  . . . . . 

0.6-0. 8 

0. 1-0.2 

p-Xylene  . . 

0. 5-0,7 
0.05 

2-5 

0,05-0.1 

Dimer  of  divinyl  . 

Ethers 

Diethyl  ether  . 

Ethyl  butyl  ether  ........... 

(Continued  on  next  page 
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which  interact  to  form  divinyl 
and  the  other  compounds.  The 
theory  of  the  formation  of  by¬ 
products  suggested  by  S.V. Lebedev, 
as  well  as  the  theory  of  the  form¬ 
ation  of  the  main  product  of  the 
reaction,  the  divinyl,  was  of  con¬ 
siderable  significance  for  the 
development  of  further  work  on 
the  investigation  of  byproducts 
in  the  S.V. Lebedev  process.  It 
created  the  possibility  of  carry¬ 
ing  out  a  number  of  investiga¬ 
tions  by  means  of  experimental 
verification. 

The  investigation  of  the 
side  reactions  which  accompany 
the  catalytic  synthesis  of  di¬ 
vinyl  from  alcohol,  as  well  as 
the  investigation  of  the  main  re¬ 
action  for  the  formation  of  the  divinyl  had  already  been  begun  by  us  during  the 
life  of  S.V. Lebedev,  and  was  continued  after  his  death. 

We  cannot  prove  that  the  mechanism  of  formation  of  all  the  byproducts  with¬ 
out  exception  is  at  the  present  time  completely  explicable;  however,  an  investi¬ 
gation  of  the  experimental  data  that  has  been  accumulated  shows  that  the  prin¬ 
ciples  previously  suggested  by  us  for  the  basic  mechanism  of  formation  of  the  di¬ 
vinyl  [2],  can  successfully  be  applied  to  explain  the  reaction  which  leads  to  the 
byproducts  of  the  process. 

General  considerations  cn  the  causes  of  the  formation  of  byproducts  in  the 
S.V. Lebedev  process  In  preceding  papers  [2J,  on  the  basis  of  a  quantity  of 
experimental  data,  we  have  advanced  and  developed  the  following  mechanism  for  the 
formation  of  divinyl  from  alcohol  under  the  influence  of  the  mixed  catalyst  of 
S.V. Lebedev. 

«• 

Mechanism  I 

1.  CH3-CK2OH - ^  CH^'-CHO  +  E2. 

2.  CH3-CHO  +  CH3-CHO  CH3-CHOH-CH2-CHO  — ^  H2O  +  CH3-CH=CH-CH0. 

3.  CH3-CK=CH-CH0  +  2fi  - 3-  CH3-CH=CH-CH20H. 

k.  CH3-CH=CH-CH20H  —3-  H2O  +  CH2=CH-CH=CH2. 

The  process  of  reduction  of  the  aldehyde  group  of  crotonaldehyde  (reaction 
5)  takes  place  by  means  of  the  removal  of  hydrogen  from  ethyl  alcohol  without 
breaking  the  hydrogen  atoms  away  from  the  surface  of  the  catalyst.  The  particles 
of  the  intermediate  products  which  react  are  represented  in  Mechanism  I  as  mole¬ 
cules  with  completed  structures;  however,  it  is  necessary  to  take  into  account 
the  fact  that  actually  the  particles  of  intermediate  products  are  adsorbed  on  the 
surface  of  the  catalyst,  and  are  In  an  active,  unstable  conditionc  Under  the  in¬ 
fluence  of  the  catalyst,  the  temperature,  and  the  surrounding  particles,  the  un¬ 
stable  forms  are  converted  into  more  stable  ones,  which  can  be  desorbed  from  the 
surface  of  the  catalyst.  These  more  stable  forms,  obviously,  will  be  the  final 
products  of  the  reaction.  In  this  case,  divinyi  will  be  such  a  final  form.  How¬ 
ever  ,  under  conditions  of  high  temperature,  under  the  influence  of  the  components 
of  the  complex  catalyst,  each  of  the  reactions  which  forms  part  of  Mechanism  I 
will  not  proceed  in  an  ideal  manner  with  the  formation  of  only  a  single  product. 


TABLE  1  (continued) 


Substance 

Yield  (in  wt. 
^  of  alcohol 
that  reacted) 

Alcohols 

2-4 

P'rnt.nnvl  ................ 

0.5-1 

Normal  amyl  . 

Normal  hexyl  . 

Unsaturated  hexyl  . 

Octyl 

0,1 

0.5-0. 8 
0.05-0,1 
'  0.3 

Carbonyl  compounds 

1  df^hvdp  ............ 

2.5-5 

0. 1-0.2 

Crotonaldehyde  . 

Acetone  . . . 

Methyl  ethyl  ketone . 1 

0.05 

0. 1-0.2 

1  0. 1-0.2 
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Along  with  the  nain  direction  of  each 
reaction,  there  will  also  be  other 
directions,  which  are  entirely  pos¬ 
sible  under  the  given  conditions,  but 
have  a  secondary,  subordinate  signi¬ 
ficance.  Among  such  reactions  may 
be  the  further  condensation  of  the 
crotonaldehyde  formed  with  acetalde¬ 
hyde,  the  reduction  of  the  carbonyl 
compounds,  the  cleavage  of  the  aldol 
and  the  crotonaldehyde,  the  isomer¬ 
ization,  condensation,  and  disinte¬ 
gration  of  the  divinyl  formed,  etc. 
Among  the  processes  possible  are  also 
the  conversions  of  the  alcohol,  not 
according  to  Mechanism  I,  but  in  any 
other  direction,  as  for  example  the 
dehydration  of  the  alcohol  to  form 
ethylene  and  diethyl  ether.  In  addi¬ 
tion,  the  Intermediate  products  form¬ 
ed  in  accordance  with  the  reactions 
of  Mechanism  I  can  interact  with 
other  particles,  giving  more  compli¬ 
cated  compounds , 

All  these  general  considerations 
must  be  taken  into  account  in  inves¬ 
tigating  the  side  reactions  in  the  S, 
V. Lebedev  process. 


TABLE  2 


Substance 

Yield  (vt.  of 

alcohol  that 
reacted 

Propylene  ........ 

About  1.5 

Isoprene  . 

— 

Heptene  . 

-- 

Heptadlene  . 

— 

E''nzene 

0.2-0. 4 

Ethylbenzene  . , , . . 

— 

Ethyl crotyl  ether. 

0.05 

Ethyl  vinyl  ether. 

Traces 

Divinyl  ether  . . , , 

Traces 

Ethyl  acetate  = . . . 

About  0.03 

Ethyl  butyrate  . , . 

About  0.05 

Unsaturated  octyl 
alcohol  (octene- 

if-oI-1)  - - 

- 

Valeric  aldehyde  . 

About  0.05 

Caprolc  aldehyde  . 

About  0.03 

Caprylic  aldehyde. 

About  0.02 

Ethylphenol 

About  0.03 

Cresols  . . 

About  0,02 

Note  The  presence  of  ethylvinyl  ard  divinyl 
ethers  among  the  byproducts  was  shown  only 
indirectly,  by  means  of  several  qualitative 
reactions.  These  cccipounds  were  not 'identified. 


Acetaldehyde  and  ethylene .The 

primary  reactinns  of  splitting  off  hydrogen  and  water  fromthe  ethyl  alcohol  un¬ 
der  the  influence  of  the  dehydrogenating  and  dehydrating  components  of  the  S.V. 
Lebedev  catalyst  lead  to  the  formation  of  acetaldehyde  and  ethylene  respectively. 
As  is  clear  from  Mechanism  I,  the  acetaldehyde  represents  the  main,  primary  in¬ 
termediate  product,  from  which  the  molecules  of  divinyl  are  built  up  by  further 
transformation,  As  will  be  shown  later,  the  same  role  is  played  by  the-  acetal¬ 
dehyde  in  the  formation  of  the  byproducts  of  the  S.V. Lebedev  process.  Acetalde¬ 
hyde  is  formed  both  by  the  splitting  off  of  hydrogen  from  ethyl  alcohol  under 
the  influence  of  the  dehydrogenating  component  of  the  catalyst  and  by  the  re¬ 
duction  of  the  crotonaldehyde  by  ethyl  alcohol  (reaction  3)» 

The  reaction  for  the  formation  of  the  ethylene,  which  is  obtained  by  the 
dehydration  of  the  alcohol,  has  a  different  significance.  The  data  obtained  in 
our  investigations  [3],  in  which  we  shewed  the  lack  of  dependence  of  the  yield 
of  ethylene  upon  that  of  divinyl  when  the  time  of  contact  was  changed  (velocity 
of  passage  of  the  alcohol)  over  a  broad  Interval  (from  0.1  sec  to  sec)  tes¬ 
tifies  to  the  fact  that  the  ethylene  is  only  a  byproduct,  which  does  not  parti¬ 
cipate  in  the  process  of  formation  of  the  divinyl.  On  the  basis  of  the  similar¬ 
ities  between  the  reactions  for  the  formation  of  divinyl  and  of  a  number  of 
other  products,  we  suggest  that,  the  ethylene  also  takes  no  part  in  the  formation 
of  the  byproducts,  and  is  thus  a  typical  waste  product  of  the  process. 

'  Aldehydes  ,  alcohols j_ hyd^ca^bjo^^  An  investigation  of  the  reactions 
by  means  of  which  the  Ca,  as  well  as  Lhe  Ce  and  Cg,  alcohols  are  formed  is  of 
extremely  great  significance  for  an  understanding  of  the  mechanism  of  formation 
of  the  byproducts.  The  data  in  the  literature* on  the  syntheses  of  the  higher 
alcohois  from  the  lower  refer  chiefly  to  the  reactions  which  take  place  during 
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the  synthesis  of  methanol  from  carbon  monoxide  and  hydrogen  over  various  catal¬ 
ysts.  Althougn  the  conditions  for  the  formation  of  the  higher  alcohols  in  this 
case  differ  from  the  conditions  of  the  S.V. Lebedev  process,  none  the  less,  it 
appears  to  us  useful  to  recall  the  main  hypotheses  which  prevail  in  this  field. 

If  ve  except  the  mechanism  of  Fischer  and  Tropsch  for  the  formation  of  higher 
alcohols  by  way  of  organic  acids,  and  the  mechanism  of  Froelich  for  the  forma¬ 
tion  of  the  alcohols  by  way  of  ethers,  as  not  having  any  genuine  bearing,  then 
according  to  the  views  of  various  investigators  on  the  mechanism  of  formation 
of  the  higher  alcohols,  we  can  note  two  main  directions.  The  hypotheses  developed 
by  Morgan,  Adkins,  Kinsey  and  Folkers, Taylor  and  Neumann  refer  to  one  of  these. 
These  scientists  assume  that  the  factor  which  favors  complication  of  the  molecule 
in  the  process  of  forming  the  higher  alcohols  from  the  lower  is  the  aldol  conden¬ 
sation  [4].  To  the  other  direction  belong  the  yiewp  of  _Froelich  and  Cryder,  "Graves 
Guerbet,  and  Weizmann  and  Garrard,  which  ascribe  the  same  role  to  the  processes 
of  intermolecular  dehydration  of  the  lower,  alcohols  [5]. 

Of  great  importance  for  an  understanding  of  the  reaction  for  the  formation 
of  saturated  aldehydes  and  alcohols  in  the  S.V. Lebedev  process  is  the  work  on 
the  transformation  of  a, 3-unsaturated  alcohols  and  a, 3-uneaturated  aldehydes  into 
saturated  aldehydes.  Sabatier  and  Senderens  [s]  indicated  the  possibility  of  the 
conversion  of  allyl  alcohol  into  propionaldehyde  over  copper  catalyst  at  l80-200®; 
they  explained  the  formation  of  the  propionaldehyde  by  the  catalytic  cleavage  of 
hydrggen  from  the  alcohol  group  of  allyl  alcohol,  followed  by  hydrogenation  of 
the  double  bond  of  the  acrolein  which  was  formed.  Constable  [7]  found  that  this 
reaction  had  too  lew  a  temperature  coefficient  to  be  able  to  explain  the  dehydro¬ 
genation  of  the  alcohol  and  the  subsequent  hydrogenation  of  the  unsaturated  alde¬ 
hyde.  He  considered  it  more  probable  that  there  was  an  intramolecular  rearrange¬ 
ment  -to  give  propionaldehyde.  Constable  saw  the  possibility  of  an  isomeric 
transformation  of  this  type  in  the  fact  that  the  alcohol  group  and  the  atoms 
at  the  double  bond  might  be  simultaneously  held  by  the  powerful  forces  of  ad¬ 
sorption  of  the  catalyst,  Weston  and  Adkins  [©]  showed  that  on  zinc  oxide  at 
350“  there  took  place  the  reduction  of  the  acrolein  by  allyl  alcohol  to  give 
propionaldehyde:  CH2=CH-CH0  +  CH2-CH-CH2OH  - ►  CH3-CH2-CKO  +  CH2=CH-CH0. 

That  the  reaction  actually  ‘took  this  path  was  shown  by  the  fact  that  a  mix¬ 
ture  of  acrolein  and  propyl  alcohol  gave  only  propionaldehyde: 

CK2=CH-CE0  +  CH3-CH2-CH2OH  — 2CH3-CH2-CHO. 

Thus,  under  the  circumstances  indicated,  the  reduction  of  a, 3-unsaturated 
aldehydes  takes  place  to  give  the  corresponding  saturated  aldehydes: 

CH2=CH-CH0  +  R-'CH20H  - CH3-CH2-CHO  +  R-CHO. 

C6H5-CH=CH-CK0  f  R-CH2OH  - ^  C6HS-CH2-CH2-CHO  +  R-CHO. 

The  same  authors  fount  that  at  330*,  over  aluminum  oxide,  allyl  alcohol  was 
transformed  into  propionaldehyde  by  means  of  an  intramolecular  rearrangement. 

CHs  =  CH-CH2OH  — y  CHs-CH^-CWO, 

We  must  note  that  Adkins  and  Folkers  [9]  subjected  a  Y"^^saturated  alcohol 
to  the  action  of  aluminum  oxide  under  the  conditions  indicated  above,  and  found 
that  in  this  case  this  sort  of  saturation  of  the  double  bond  did  not  take  place. 

For  example,  no  saturated  aldehyde  was  obtained  from  CH2=CH-C(CH3)2“CH20H. 

Thus,  these  investigators  established  the  possibility  of  saturating  the 
double  bond  of  a , 3-unsaturated  alajh3’’des  in  the  presen^'e  of  alcohols  over  metal¬ 
lic  oxides  which  were  not  specific  catalysts  for  the  hydrogenation  of  unsaturated 
compounds.  Even  such  a  catalyst  as  aluminum  oxide,  which  is  a  specific  dehydra¬ 
ting  agent,  was  capaole  cf  producing  the  isomeric  transformation  of  a, 3“UJ^satur- 
ated  alcohols. 
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Crotonal dehyde  The  forniation  of  crotonaldehyde  takes  pla-'.e,  as  has  al- 
ready"teen  indicated  in  cne  of  our  preceding  cocimunicaticns  by  way  of  the 

condensation  of  acetaldehyde,  accccipanled  by  the  splitting  off  of  water.  Croton- 
aldehyde  niay  also  be  obtained  by  the  dehydrogenation  of  crotonyl  alcohol >  Strict 
ly  speaking,  crotonaldehyde  is  not  a  byproduct,  but  an  intermediate  product  of 
the  reaction  for  the  formation  of  divinyl.  It  results  directly  from  Mechanism 
I,  as  given  above.  It  was  found  in  negligibly  small  quantities  among  the  pro¬ 
ducts  of  the  transformation  of  ethyl  alcohol.  This  is  explained  by  the  fact 
that  the  crotonaldehyde  is  obviously  completely  transformed,  under  the  cond  tions 
of  the  reaction  under  investigation,  Into  divinyl  (by  way  of  crotonyl  alcohol). 

Crotonyl  and  butyl  alcohols .  As  far  back  as  193^  we  turned  out  attention 
to  the  fact  that  the  addition  of  crotonaldehyde  to  ethyl  alcohol  during  the  cat¬ 
alytic  transformation  of  the  latter  into  divinyl  not  only  resulted  in  an  Increase 
In  the  yield  of  divlnyl,  but  also  favored  an  increase  in  the  yield  of  crotonyl 
and  butyl  alcohols.  Even  then  we  expressed  the  hypothesis  that  the  process  of 
formation  of  the  crotonyl  alcohol  took  place  by  way  of  the  addition  of  hydrogen 
to -the  aldehyde  group  cf  crotonaldehyde  (this  followed  from  Mechanism  I  for  the 
formation  of  divinyl,  advanced  by  us  in  1935) >  vhile  the  formation  of  butyl  al¬ 
cohol  took  place  by  the  simultaneous  saturation  of  its  double  bond-.  Further 
work,  carried  out' later,  confirmed  our  hypothesis.  Together  with  K.N.Charskaya, 
we  verified  the  contact  transformation  of  a  mixture  of  ethyl  alcohol  and  cro¬ 
tonaldehyde  into  a  mixture  of  ethyl  alcohol  and  butyraldehyde  over  a  single  de¬ 
hydrogenating  component  of  the  catalyst.  The  dehydrogenating  component  not  only 
caused  the  splitting  off  cf  hydrogen  from  the  alcohol,  but  it  also  favored  the 
reduction  of  carbonyl  compounds  by  the  ethyl  alcohol  At  the-  same  time,  as  had 
already  been  noted  in  cur  preceding  communications  [2],  the  dehydrogenating  com¬ 
ponent  caused  the  formation  of  higher  alcohols  and  other  condensation  products 
from  the  ethyl  alcohol. 

TABLE  3 

The  catalytic  transformation  of  ethyl  alcohol  into  a  mixture  of  the  al¬ 
cohol  with  crctonic  and  butyric  aldehydes  over  the  dehydrogenating  com- 


ponent  of  the  cat alyst  at  350* 


Name  of  mixture 

Composition  of 
mixture,  moles 

Yield  based  on  ethyl  alcohol 
that  had  reacted  (in  wt.  ^) . 

Butyl  alcohcl 

CroLonyl  alcohol 

Alcohol 

— 

14.8 

6.6 

Alcohol  crotonaldehyde  , 

3j1 

19^5 

16,6 

3:1 

21.6 

19.4 

Alcohol jbutyraldehyde . , , 

3:1 

59.0 

— 

3:2 

72.0 

From  Table  3>  In  which  the  results  of  these  experiments  are  given,  it  is 
clear  that  the  addition  of  crotcnic  as  well  as  of  butyric  aldehyde  to  the  ethyl 
alcohol  leads  in  each  case  to  an  increase  in  the  yield  of  crotonyl  and  butyl 
alcohols-  The  crotonyl  alcohol,  under  the  influence  of  the  dehydrogenating  com¬ 
ponent  of  the  catalyst,  as  we  showed  in  cooperation  with  I .K, Corn,  favors  the 
partial  transformation  into  butyl  alcohol.  Thus,  under  the  action  of  the  de¬ 
hydrogenating  component  on  the  mixture' of  crotonaldehyde  and  ethyl  alcohol,  the 
addition  of  hydrogen  is  possible  not  only  to  the  carbonyl  group,  but  also  for 
the  saturation  cf  the  acuble  bond,  with  the  formation  cf  a  saturated  alcohol. 

We  cannot  excluce  the  pcssibility  that  the  butyl  alcohol  is  formed  first  by  the 
saturation  of  the  double  bond  of  crotonaldehyde  and  the  subsequent  addition  of 
hydrogen  io  ire  but^Taldehyde  that  is  formed  In  both  cases,  the  donor  of  the 
hydrogen  is  etnyl  alcohol  These  transformaticns  may  be  expressed  in  Mechanism 
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Mechanism  TI* 


1.  CH3-CR=CH-CH0  +  2H  — CK3-CH--CH-CH2OH. 

2.  CH3-CH=CH-CH20H  +  2E  — >•  CH3-CH3-CH2-CH2OH. 

or 

1.  CE3-CE=:CH-CH0  +  2H  — CH3-CH2-CH2-CEO. 

2.  CH3-CH2-CH2-CHO  -t-  2H  —V  CH3-CH2-CH2-CH2OH. 

In  overall  form: 

3.  CH3-CH-CE-CHO  1-  i+H  CS3-CE2-CB2-CR2OH. 

The  transformation  of  the  crotonyl  alcohol  into  butyl  alcohol  Is  pictured 
in  Mechanism  IT  as  a  simple  saturation  of  the  double  bend  of  the  crotonyl  alco¬ 
hol  with  hydrogen:  however^  this  dees  not  exclude  the  probability  of  other  trans¬ 
formations  of  the  molecule  of  crotonyl  alcohol.  With  the  results  of  the  above- 
cited  work  of  Weston  and  Adkins  [a]  in  mind,  we  suggest  the  possible  formation 
of  butyl  alcohol  from  crotonyl  alcohol  by  way  of  the  intramolecular  transforma¬ 
tion  of  the  latter  to  give  butyraldehyde -  The  transformation  of  the  butyralde- 
hyde  into  butyl  alcohol  would  likewise  take  place  by  means  of  the  reduction  of 
the  aldehyde  by  ethyl  alcohol.  The  data  cited  above  from  our  own  work  on  the 
partial  transformation  of  the  crotonyl  alcohol  into  butyl  alcohol  over  the  de- 
hydroge renting  component  of  the  catalyst  can  to  a  definite  degree  serve  as  con¬ 
firmation  of  this  possibility.  These  very  probable  transformations  can  be  ex¬ 
pressed  in  the  followir*g  manner; 

Mechanism  III 

1,  CE3-CE=  CB-CS2OE  —V  CE3-CE2-CE2-CSO. 

2.  CE3-CH2-CE2-CBO  +  CB3-CE2OE  —V  CE3-CH2-CE2-CH2OE  +  CE3-CEO. 

Butyraldehyde  Tne  formation  of  butyr aldehyde  can  most  quickly  be  explained 
by  reaction  1  of  Mechanism  II,  or  i  of  Mechanism  III.  At  the  same  time,  butyr- 
aldehyde  can  be  obtained  by  the  dehydrogenation  of  butyl  alcohol  under  the  in¬ 
fluence  of  the  corresponding  component  cf  the  catalyst.  Tne  comparatively  low 
yields  of  carbonyl  compounds  (with  the  exception  of  acetaldehyde}  in  the  process 
cf  formation  of  the  divinyl  from  alcchcl  is  explained  by  the  considerable  excess 
of  ethyl  alcohol,  wnich  favors  the  almost  complete  reduction  of  the  carbonyl 
compounds  and  their  transformation  into  the  cerre spending  alcohols. 


In  order  to  saturate  the  double  bond  with  h%-drocen  it  is  necessar>-  that  the  carbon  atons  at  this  bond  be 
adsorbed  on  the  surface  of  the  catalyst.  Otherwise  tlie  hydrogen  from  the  sth,vl  alcoliol  cannot  be  trans¬ 
ferred  to  the  Uivsatiirated  ator.s  of  cart)ori  at  the  double  bond.  It  is  extrenely  priibable  that  for  Ct,  p-un- 
saturated  aldehydes  or  alcohols,  under  the  conditions  of  the  catalytic  reaction  the  closeness  of  the 
petitions  of  the  cart)on>l  group  and  the  double  bord,  or  of  the  alcciicl  group  and  the  double  bond  ntikes 
possible  their  sicral taneous  adsorption  on  the  surface  and  the  saturation  of  the  eth.ylc.ne  bond.  Double 
bonds  which  do  not  lie  close  to  the  aldehyde  or  alcohol  group  as  for  example  in  Y'Unsaturated  alcohols 
as  follow.s  from  the  work  of  Adkin.s  and  Folkers  cited  above,  lack  the  ability  to  take  part  in  such  a  trans- 
fornation.  The  ethylene  bond  in  Q- f- unsaturated  carbor^’l  conipounfls  which  contain  the  group 

>C=C-C  0 

lacks  the  increased  general  ability  to  take  part  in  rcacticxis  as  well  as  the  ability  to  take  part  in  certain 
specific  reactions  (as,  for  example,  to  be  hydroli^.ed  under  the  action  of  acids)  [lO- •  12j  • 


•  Mechanism  for  the  forinatlon  of  icgthyl  ethyl  ketone.  The  yield  of  methyl 
ethyl  ketone  in  the  process  of  catalytic  formation  of  divinyl  from  alcohol  is 
very  small,  and  amounts  to  about  0,1  to  0.2^  of  the  ethyl  alcohol  that  reacts. 
We  have  not  yet  subjected  cur  mechanisms  for  the  formation  of  methyl  ethyl  ket¬ 
one  to  experimer.'-al  verification.  We  may  assume  the  following  manner  of  forma¬ 
tion  of  the  methyl  ethyl  ketone - 

Mechanism  IV 

1.  The  isomerization  of  crotonyl  alcohol: 

CH3-CHrCH-OH20H  - [CHa-CHOH-CHzrCHs  ] 


'  ■  ■  ^  CH3~CC^CH2~CH3  . 

•2.  CH3-CH0H-CH2-CH0  [ CH3-CHOH-CH2-CH2OH] 

— ►  [CH3-CH0H-CH=CH2]  CH3-CO-CH2-CH3 . 

3.  The  isomerization  of  butyraldehyde: 

CH3-CH2-CH2-CHO  — ^  CH3-CH2-CO-CH3 . 


isomerizaticn  or  saturation  ^ 
of  the  double  bond  and  dehyd¬ 
rogenation  of  the  secondary 
butyl  alcohol 


We  can  not  exclude  in  addition  ether  methods  for  the  formation  of  methyl 
ethyl  ketone.  The  answer  to  this  question  must  be  given  by  further  investiga¬ 
tion.  , 

Pseudobutylene .  King  [in]  found  that  the  catalytic  dehydration  of  butyl 
alcohol  in  the  presence  of  phosphoric  acid,  introduced  on  pumice,  led  to  the 
formation  of  a-  and  3 -butylenes At  400°,  a  mixture  of  isomers  was  foianed,  while 
at  450°,  almost  pure  3-butylene  resulted,  Matignon  and  Moureu  [14]  showed  that 
over  aluminum  oxide  which  contained  traces  of  sulfuric  acid,  a-butylene  was 
transformed  into  3-butylene.  .  .  ... 

Ipatlev,  in  passing  isopropylethylene  overr. aluminum  oxide  at  525**  >  observed 
the  isomerization  of  a  considerable  part  of  this  hydrocarbon  into  .trlmethylethyl- 
ene  [15].  The  addition  of  butyl  alcohol  to  ethyl  alcohol  during  the  contact 
transformation  of  the  latter  over  S. V. Lebedev ' s  catalyst  was  accompanied  by  an  • 
Increased  yield  ?f  pseudobutylene  The  addition  of  butyraldehyde  to  ethyl 

alcohol  also  favored  an  increase  in  the  yield  of  butylene  [17].  Having  in  mind 
the  fact  that  the  dehydrating  component  of  the  catalyst  is  at  the  same  time  a 
_powerful  isomerizing  agent  [1],  there  is  no  doubt  that  the  formation  of  pseudo¬ 
butylene  is  possible  by  means  of  the  dehydration  of  the  primary  butyl  alcohol 
and  the  shift  of  the  double  bond  from  the  a-  to  the  3-position: 

Mechanism  V 

1.  CH3-CH2-CK2- CH2OH  CH3-  CE2-CH=CK2  — ^  CH3-CH=.CH-CH3. 

Hence  it  follows  that  in  addition  to  pseudobutylene,  the  products  of  the  trans¬ 
formation  of  ethyl  alcohol  may  also  contain  a-butylene. 

There  is  another  possible  method  for  the  formation  of  pseudobutylene,  by 
means  of  the  xeductierror  methyl  ethyl  ketone  to  give  secondary  butyl  alcohol, 
and  the  dehydration  of  the  latter.  We  must  recall  that  upon  the  addition  of 
methyl  ethyl  ketone  to  ethyl  alcchcl,  and  the  transformation  of  the  mixture  by 
the  S.V, Lebedev  method,  an  increase  in  the  amount  of  pseudobutylene  [^7]  was  as¬ 
certained  in  the  products  of  the  reaction. 

2.  CK3-  CH2-CO-CH3  CH3-CHOK- CH2-CH3  CH3*  CH=CII-CK3. 

Feactiuns  1  and  2  of  Mechanism  from  our  point  of  view,  are  equally  probab 


The  nie c harri s for  the  formation  of  Ce  alif  r,_v  dr: s  ,  alcohrls  and  hvd.warbons 
The  compounds  comprising  this  group  of  substances  and  the  C4  compound'?  have  a 
close  genetic  relationship  to  each  other.  Just  as  crotonyl  and  butyl  alcohols 
are  intermediate  produces  in  the  formation  of  divinyl  and  pseudobutylene,  the 
Cq  alcohols,  saturated  and  unsaturated,  can  be  intermediate  compounds  in  the 
formation  of  hexene-2  and  hexadiene-2,4. 

The  Cg  alcohols  and  aldehydes.  The  higher  alcohols  obtained  in  the  contace 
synthesis  of  divlnyl  from  alcohol,  including  the  primary  Ce  alcohols,  have,  ac¬ 
cording  to  the  data  of  S»V. Lebedev  and  N.Z. Andreev  [la],  a  straight  carbon  chain 

The  unsaturated  hexyl  alcohol  is  either  hexene-^-ol-1  [^®]  or  hexene-3-ol-l 
It  is  possible  that  both  unsaturated  alcohols  are  produced  at  the  same  time.  -• 

In  order  to  clarify  the  mechanism  of  formation  of  the  Cq  alcohols,  ve,  to¬ 
gether  with  K:N,Charskr,'a.  carried  out  experiments  on  the  transformation  of  bi¬ 
nary  mixtures  of  butyric  and  crotonic  aldehydes  with  ethyl  alcohol  ever  the  de¬ 
hydrogenating  component  of  the  catalyst  at  550**  For  comparison,  we  carried  out 
an  experiment  with  ethyl  alcohol  alone  under  the  same  conditions. 

TABLE  k 


The  formation  of  hexyl  alcohols  during  the  catalytic  transformation  of 
mixtures  of  ethyl  alcohol  with  butyraldehyde  and  crotonaldehyde  over 
the  dehydrogenating  component  of  the  catalyst  at  550** 


Name  of  mixture 

,  Composition  of 
mixture  (moles) 

, 

Yield  of  Cq  alcohols  (wt. 
based  on  ethyl  alcohol  that 
had  reacted 

Ethyl  alcohol  . . 

— 

0.47 

0.35 

Alcohol '.butyraldehyde  . 

3.1 

1.70 

2.05 

Alcoliol;  crotonaldehyde 

3^1 

0.58 

0.50 

From  Table  4,  In  which  the  experlmentaL  results  are  given,  it  is  clear  that 
the  addition  of  butyraldehyde  to  the  ethyl  alcohol  considerably  increases  the 
yield  of  saturated  and  unsaturat^d  Cq  alcohols. 

An  investigation  of  the  structure  of  the  saturated  and  unsaturated  Cq  alco¬ 
hols  obtained  from  the  mixture  of  ethyl  alcohol  and  butyraldehyde  and  separated 
from  the  reaction  products  by  means  of  their  borate  esters  showed  that  the  first 
was  normal  hexyl  alcohol,  while  the  second  had  the  structure  hexene-2-ol-l. 

It  was  shown  above  that  the  formation  of  crotonyl  and  butyl  alcohols  in  the 
S.V. Lebedev  process  took  place  by  way  of  the  condensation  of  acetaldehyde  with 
crotonaldehyde  and  the  subsequent  saturation  of  the  crotonaldehyde  to  give  cro¬ 
tonyl  and  butyl  alcohols.  We  can  picture  the  formation  of  the  saturated  and  un¬ 
saturated  Cq  alcohols  as  taking  place  in  the  same  manner. 

Mechanism  VI. 

1.  The  mixed  condensation  of  acetaldehyde  and  butyraldehyde,  accompanied  by 
the  splitting  off  of  water  an  i  the  formation  of  hexene-2-al  [^®].  In  our  exper¬ 
iments  Vr'ith  this  condensation,  obviously,  the  dehydrogenation  of  ethyl  alcohol 
to  give  acetaldehyde  was  a  precursor; 

CH3-CH2-CKp"CH0  +  CH3-CHO  [CH3-CH2-CH2-CHOH-CH2-CHO]  — ^ 

— >•  H2O  4  CH3-CK2-CH2-CH-CH-CHO 

2.  The  redu'^tion  of  the  hexenal  to  the  unsaturated  hexyl  alcohol  (hexeno- 
2-0I-I)  by  the  hydrogen  of  ethyl  alcohol; 

CK3-CH2-CH2-CH=CK-CK0  +  2H  — CH3-CH2-CH2-CH-CH-CH20H. 
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3.  The  saturation  by  hydrogen  of  the  unsaturated  hexyl  alcohol  with  the 
formation  of  the  saturated  alcohol; 

a)  CH3-CH2-CH2-CH=CH-CH20H  — CH3-CH2~CH2-CH2-CH2-CH20H, 

or  the  isomerization  of  the  hexenol  into  caproxc  aldehyde  and  the  reduction  of 
the  latter  to  hexanol: 

+  2H 

b)  CH3“CH2-CH2-CH=CH-CH20H  — ►  CH3-CH2-CH2-CH2-CH2-CHO  - ► 

— ►  CEs-CEz-CRz-CEz-CEz-'EzOE, 

# 

or  the  saturation  of  the  hexenal  to  give  hexanal,,  with  subsequent  reduction  to 
hexanol ; 

+  2H 

c)  CH3-CH2-CH2-CH=CH-CH0  +  2H  — CH3-CH2--CH2-CH2-CH2-CHO  - 

~  ►  CH3~CH2“CH2~'CH2~CH2~CH20H  1 

From  the  data  of  Table  ^  it  follows  that  the  amount  of  hexyl  alcohols  formed 
from  the  mixture  of  ethyl  alcohol  with  crotonaldehyde  is  less  than  from  the  mix¬ 
ture  of  the  alcohol  with  butyraldehyde.  Therefore,  the  formation  of  the  hexyl 
alcohols  more  probably  takes  place  with  the  participation  of  butyraldehyde  ac¬ 
cording  to  Mechanism  VI. 

Nonetheless,  the  possibility  of  obtaining  unsaturated  hexyl  alcohol  by 
means  of  the  condensation  of  crotonic  and  acetic  aldehydes  to  give  hexadienal 
is  not  excluded. 

Mechanism  VII 

CH3-CH^CH-CH0  +  CH3-CHO  — ^  H2O  +  CH3-CH=CH-CH=CH-CH0.  • 

The  hexadienal  produced  is  saturated  by  hydrogen  to  give  hexene-4-ol-l ,  In 
this  case,  the  addition  of  hydrogen  must  take  place  at  the  double  bond  in  the 
3-posit  ion  to  the  carbonyl  group  by  a  mechanism  similar  to  those  of  II  and  VI. 

The  double  bond  in  the  6-posltlon  does  not  add  hydrogen, 

CH3-CH--:CH-CH=CH-CH0  +  4E  — >•  CH3-CH=CH-CH2-CH3-CH20H, 

Table  4  shows  that  from  a  mixture  which  contained  3  moles  of  alcohol  and  1 
mole  of  butyraldehyde,  the  yield  of  saturated  alcohol  was  higher  than  from  a  mix¬ 
ture  of  3  moles  of  alcohol  and  2  moles  of  butyraldehyde.  This  fact  is  well  ex¬ 
plained  by  Mechanism  VI.  The  participation  In  the  reaction  of  a  relatively  large 
amount  of  ethyl  alcohol  results  in  a  more  complete  saturation  of  the  hexenal, 
which  is  the  Intermediate  product,  and  the  formation  of  a  large  amount  of  the 
saturated  Ce  alcohol, 

Caprolc  aldehyde  can  be  formed  by  the  splitting  off  of  hydrogen  from  hexyl 
alcohol  under  the  influence  of  the' dehydrogenating  component  of  the  catalyst,  or 
by  the  addition  of  hydrogen  to  the  double  bond  of  hexenal  by  reaction  3  (c)  of 
Mechanism  VI. 

Hexene -2  and  hexadiene-2 .4 .  The  catalyst  of  S.V. Lebedev  contains  a  mixture 
of  dehydrogenating  and  dehydrating  corap 'nents,  and  therefore  under  the  conditions 
of  the  process,  the  reacticn  does  not  stop  at  the  C&  alcohols.  Under  the  influ¬ 
ence  of  the  dehydrating  components,  the  unsaturated  hexyl  a.lcohol  splits  off 

• 

We  must  note  that  the  fornntion  of  hexadienal  (sorbic  aldehyde)  takes  place  easily  from  crotonic  and  acetic 
aldeli^des  in  the  presence  of  various  substanc»'s  of  an  alkaline  character  r®].  Our  attempts  to  isolate 
hexadienal  by  the  caidensation  of  crotonic  and  acetic  aldeliydes  over  tlie  S.  V.  I/;bdev  catalyst  did  not 
give  positive  results 
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water,  and  by  means  of  a  rearrangement  of  the  double  bonds  is  converted  into 
hexadlene-2,^ .  *■ 

The  dehydration  of  the  saturated  hexyl  alcohol  forms  hexylene.  Here  also 
there  takes  place  an  isomerization  of  the  less  stable  -CH2“CH=CK2  grouping  into 
the  more  stable  -CH=CH-CH3.  This  process  gives  hexene-2. 

G.M, Kogan  and  V.M.Svetozarova,  and  simultaneously  with  them,  I, A. Livshits 
and  S. I. Ilyina  [i9]  subjected  a  mixture  of  butyl  alcohol  and  acetaldehyde  to  a 
transformation  at  380°  over  the  S.V. Lebedev  catalyst,  and  obtained  among  the 
products  of  reaction  hexene  and  hexadiene-2,4 .  They  explained  the  formation  of 
thfi-Latter ly  Mechanism  VIII,  which  is  a  continuation  of  Mechanism  VI. 

Mechanism  VIII 

1,  CH3-CH2-CH2”CH=CH-CH20H  —'>■  H2O  +  CH3-CH=CH-CE=CH-CH3. 

2,  CH2-CH2- CH2-CH2-CE2-CH2OH  — H2O  +  CH3-CH2-CH2-CH:--CH-CH3  . 

The  Ce  hydrocarbons  can  also  be  formed  in  the  S.V. Lebedev  process  by  the 
reaction  of  acetaldehyde  and  methyl  ethyl  ketone.  Together  with  M. I. Danilina 
[23],  we  showed  that  the  formation  of  hexene-2  and  hexadiene-2,4  took  place  from, 
a  mixture  of  ethyl  alcohol  and  methyl  ethyl  ketone  over  S. V. Lebedev' s  catalyst. 

Mechanism  IX 

1.  CH3-CH2OH  — >  CH3-CHO  +  H2. 

2.  CH3-CHO  +  CH2-CO-CH2-CH3  — >•  [  CH3-CHOH-CH2-CO-CH2-CH3  ] 

H2O  +  CH3-CH.--:CK-C0-CH2-CH3. 

3.  CH3-CH- CH-CO-CH2-CH3  +  2H  - >-CH3-CH=CH-CH0H-CH2-CH3. 

h.  CH3-CH^CH- CHOE- CH2-CH3  — >”  H2O  +  CH3-CH=CH-CH=CH-CH3. 

The  reduction  of  the  unsaturated  ketone  to  give  the  secondary  saturated  al¬ 
cohol  (reaction  3)  takes  place  with  the  participation  of  ethyl  alcohol,  which 
gives  up  the  hydrogen  atoms  from  its  own  alcohol  group. 

The  complete  saturation  of  the  unsaturated  ketone  or  the  unsaturated  alco¬ 
hol  must  result  in  the  formation  of  the  saturated  Ce  secondary  alcohol  (or  this 
can  happen  by  means  o.f  the  isomerization  of  the  unsaturated  alcohol  to  give  the 
saturated  ketone  and  by  the  reduction  of  the  latter  to  the  alcohol.)  The  de¬ 
hydration  of  the  alcohol  must  lead  to  the  formation  of  hexylene. 

The  mechanism  of  the  formation  of_ Cp  compounds.  The  formation  of  octyl  al¬ 
cohol  and  caprylic  aldehyde,  which  are  found  among  the  products  of  the  S.V, Leb¬ 
edev  process,  may  be  the  result  of  the  condensation  of  caproic  aldehyde  and 
acetaldehyde >  with  the  subsequent  transformation  of  the  unsaturated  octylic  al¬ 
dehyde  in  a  manner  similar  to  mechanisms  II,  III,  and  VI  for  butyl  and  hexyl 
alcohols.  The  formation  of  the  unsaturated  octyl  alcohol  (octen-4-ol -l) ,  which 
is  found  among  the  products  of  the  transformation  of  ethyl  alcohol  into  divinyl, 
may  take  place  by  means  of  the  condensation  of  the  unsaturated  hexylic  aldehyde 
with  acetaldehyde,  and  the  subsequent  reduction  of  the  aldehyde  group  to  an  al¬ 
cohol  group,  along  with  the  saturation  of  the  double  bond  (the  3)  nearest  to  it. 

^  Mechanism  X 

1.  CH3-CH2-CHp-CH=CH-CH0  +  CH3  CEO  — >■  HpO  +  CH3-CE2-CH2-:H-CH-CH-CH- CHO. 

2.  CH3-CH2-CH2-CH-- CH- CHr  CH“CH0  +  4R  — >•  CH3-CH2-CH2-CH=CH-CH2-CH2-CH20H. 

or ; 

3-  CK3-CH2-CK2-CH--CH-'CH=CH-CH0  +  2H  — >•  CH3-CH2-CH2-CH=Ci: -CH-CH-CHpOH. 

provost  L*]showod  that  fliirir.r.  the  dehydration  of  O'  P-unsaturated  alcohols  a  rearm iipie'Trnt  of  the  double 
brill's  took  place  witli  the  foiiatifiii  of  a  cop. jucateil  s\steir,.  In  scveml  ca.ses  it  has  been  observed  that 
(birii:(  ttie  prcKt-^^-;  t.'iTe  is  a  shift  of  thr  lOiiiiiraLed  system  fron  tlie  nUn:s  at  the  end  into  the  central 
,,  part  of  ttis  ..ili  'ule  of  tie  lo ''riK'.'irhoii  obtained, 
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4,  CH3-CH2-CH2“CR=.CH-CH=CK-CH20H  — CH3-CH2-CH2-CH=C?-CH2-CH2-CE0. 

5.  CR3~CH2~CH2~CK=CH-CH2~CH2~CH0  +  2H  — CH3— CH2~CF.2*  CR=CH*CH2~CH2~CH205. 

We  may  assume  the  possibility  of  still  more  complicated  compounds  by  means 
of  further  condensations  similar  to  the  mechanism  given  above.  However,  even 
the  Cs  compounds  are  formed  in  very  small  amount.  The  Ci©  compounds  must  be  in 
still  smaller  amount.  Compounds  with  a  high  molecular  weight  have,  on  the  one 
hand,  as  S.V. Lebedev  has  shown,  a  lower  stability,  and  on  the  other,  are  more 
difficult  to  desorb  from  the  surface  of  the  catalyst,  so  that  they  remain  on  it 
and  undergo  further  transformation,  capable  of  leading  to  their  disintegration 
with  the  formation  of  carbon. 

In  the  experimental  part,  we  have  described  the  results  of  experiments  con¬ 
nected  with  the  formation  of  C4  and  Ce  alcohols  under  the  conditions  of  the  S.V. 
Lebedev  reaction. 

EXPERIMENTAL 

1.  The  formation  of  crotonyl  and  butyl  alcohols  in  the  contact  transformation 
of  mixtures  of  ethyl  alcohol  and  crotonaldehyde  over  the  S.V. Lebedev  cacalys'c. 

As  materials  for  preparing  the  mixtures  we  used  rectified  ethyl  alcohol 
containing  96  weight  percent  of  absolute  alcohol,  and  crotonaldehyde  obtained  by 
'ittie  aldol,  process  from  acetaldehyde  and  the  subsequent  decomposition  of  the  ald- 
ol  by  heating  it  in  an  acid  medium.  The  boiling  point  of  the  crotonaldehyde  was 
103-105=’;  d^^.  0,864. 

The  experiments  were  carried  out  in  a  one-meter  contact  oven  with  a  volume 
of  the  reaction  zone,  when  charged  with  catalyst,  of  5  liters  [24].  The  velocity 
of  passage  of  the  mixture  through  the  oven  was  100  ml  in  10  minutes.  The  exper¬ 
iment  was  carried  out  for  6  hours.  At  the  same  time,  for  control,  the  experi¬ 
ment  was  carried  out  under  the  same  conditions  with  pure  alcohol. 

The  condensate,  which  was  a  two-layer  liquid,  was  separated  in  a  separatory 
funnel.  The  upper  layer  was  washed  until  it  had  constant  volume,  and  the-  wash 
water  was  added  to  the  lower  layer  of  condensate.  The  aqueous  liquid  was  boiled 
with  alcohol  to  convert  the  aldehyde  into  tar,  after  which  the  fraction  which 
boiled  up  to  99°  vas  distilled  off  from  it.  The  ethyl  alcohol  and  the  C4  alco¬ 
hols  (butyl  and  crotonyl)  went  over  with  this  fraction.  The  distillate  obtained 
was  salted  out  with  potash,  and  the  alcohols  which  separated  were  dried  and 
fractionally  distilled  several  times  in  a  half  meter  column  filled  with  aluminum 
spirals  and  fitted  with  a  dephlegmator  in  2  small  spheres.  This  gave  the  frac¬ 
tions.  40-75° »  75-95°^  85-110°,  110-117.5°*  The  amount  of  unreacted  ethyl  alco¬ 
hol  was  determined  from  the  content  of  the  75-^5°  fraction.  The  amount  of  un¬ 
saturated  compounds  was  determined  in  the  110-117*5°  fraction  by  the  method  of 
Rosenmund  and  the  hydroxyl  group  content  by  acetylation.  On  the  basis  of 

the  data  obtained,  the  content  of  butyl  and  crotonyl  alcohols  in  the  85-110° 
and  110-117,5°  fractions  was  calculated, 

TABLE  5 

The  formation  of  butyl  and  crotonyl  alcohols  in  a  mixture  of  ethyl  alcohol 

and  crotonaldehyde  over  two  samples  of  the  catalyst  of  S.V. Lebedev 

Catalvc-^  Composition  of  the  mixture  of  Yield  on  the  basis  of  ethyl  alcohol 

ethyl  alcch'^l  and  crotcnalde-  _ that  reacted  ^  in  weight 

_ _ L-  echo! 

I  100-0  .  0,36 

I  90-10  0.82 

II  100-0  0.34 

II  85-15  103 

f  -------- 

Carriod  out  with  F’.  N.  Kn^din  in  1/nP. 


In  Table  5  are  listed  the  results  with  regard  to  the  products  with  which  we 
are  concerned,  on  the  basis  of  the  ethyl  alcohol  that  reacted. 

From  Table  5  it  is  clear  that  over  the  catalysts  investigated,  an  increase 
in  the  amount  of  crotonaldehyde  in  the  mixture  with  alcohol  results  in  a  signif¬ 
icant  increase  in  the  yield  of  crotcnyl  and  butyl  alcohols. 

2.  The  contact  transformation  of  ethyl  alcohol  and  its  binary  mixtures 
with  ^tyraldehyde  and  crotonaldehvde  over  the  dehydrating  component  of 

the  catalyst  • 


The  rectified  ethyl  alcohol  used  for  this  work  contained  92=5  weight  percent 
of  absolute  alcohol.  The  butyraldehyde  was  obtained  by  the  catalytic  dehydrogen¬ 
ation  over  copper  catalyst  of  the  butyl  alcohol  of  the  Synthetic  Rubber  Industry. 
The  butyraldehyde  catalysate  was  dried  and  subjected  to  rectification.  The  boil¬ 
ing  point  of  the  butyraldehyde  obtained  was  70-75o“j  0.812=  The  content  of 

aldehyde  as  determined  with  hydroxylamine,  amounted  to  97^.  The  content  of  cro¬ 
tonaldehyde  in  it,  as  determined  by  hydrogenation,  by  the  Ginsberg  method, 
equaled  11.7'5^* 

Crotonaldehyde  was  obtained  by  the  method  indicated  above;  b.p.  101-105"; 
d4®  0.854.  The  content  of  crotonaldehyde  in  the  produb t  obtained,  as  determined 
by  hydroxylamine,  equaled  97^*  The  content  of  aldehyde  by  hydrogenation,  accord¬ 
ing  to  Ginsberg's  method,  equaled  99*5^» 

The  experiments  were  carried  out  in  a  one-meter  contact  oven  [24]  at  550**  • 
The  mixture  was  passed  through  the  catalyst  with  a  velocity  of  5OO  ml  in  10  min¬ 
utes.  The  composition  and  weight  of  the  mixtures  of  alcohol  and  butyraldehyde 
and  crotonaldehyde  passed  through,  as  well  as  the  amounts  of  gas  and  condensate 
obtained,  are  listed  below  in  Table  6. 


TABLE  6 


No.  of 
Expt . 

Composition  of  mixture 
(moles) 

r*  “ 

Mixture 

passed 

through. 

Gas  obtained 
in  liters 
funder  normal 
conditions ) 

Conden¬ 
sate  ob¬ 
tained, 
g 

Ethyl  alcohol  con¬ 
tent  in  condensate 
(weight  ^) 

1 

C2H5  CH  .  .  .  .  . . .  = 

211 

9056 

79.5 

2 

5Cp%0K.2C4H80  c  ....  - 

8886 

108.5 

8445 

22.6 

5 

5C2H50H:lC4HeO 

.*595 

77.1 

4240 

57.03 

k 

5C2H50R'1C4H60 

9079 

245.0 

8489 

59.35 

5 

5C2H50H;1C4H60  . .  0  . .  .  , 

ii070 

176.0 

578.1 

42.51 

All  the  experiments  were  carried  out  with  a  single  portion  of  the  catalyst 
(the  dehydrogenating  component) ,  which  was  regenerated  with  air  after  each  ex¬ 
periment  . 

In  each  experiment,  an  average  sample  of  the  gas  w'as  taken  for  analysis,  by 
the  method  cf  Dobryansky,  followed  by  the  determination  of  carbon  monoxide  and 
hydrogen.  The  di vinyl  was  determined  by  brominating,  and  weighing  the  crystalline 
tetrabromide  formed.  The  results  of  the  gas  analyses  are  shown  in  Table  7* 

The  ethyl  alcohol  in  the  liquid  products  of  the  reaction  was  determined  by 
the  method  of  V.  Dyakonov,  which  included  the  distillation  of  the  alcohol  from 
the  mixture  of  the  condensate  vit^  a  solution  of  table  salt,  after  the  extraction 
with  kerosene  ether  of  the  hydrocarbons  and  higher  alcohols,  and  the  conversion 
of  the  aldehydes  into  tar  by  means  of  alkali.  The  amount  of  alcohol  was  deter¬ 
mined  by  the  specific  weight  of  the  distillate  with  the  use  of  the  tables^ of 
Windisen.  The. results  of  the  determination  of  alcohol  in  the  condensate  are 

f  P'  experiments  with  mixtures,  in  contradistinction  to  the 

CHiriod  out  with  K.  N  Charskaj-a  in  1040. 
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TABLE  7 


Compo s itlon  of  the  gas  (in  volume 


No.  of 
Expt , 

H2 

CO 

CO2 

C2H4 

C4H6 

C3  He  4- C4  H©-*- C4  He 

1 

85,7 

1.0 

2.6 

4.9 

1.8 

4.4 

2 

44.4 

8.0 

42.3 

1.5 

- 

3.8 

3 

54.5. 

1.9 

32.5 

3.9 

4.5 

7.1 

4 

65.1 

3.0 

23.6 

2.2 

- 

6.0 

5 

63.2 

2.4 

20.5 

3.9 

— 

7.1 

experiments  with,  pure  alcohol,  the  extraction  of  alcohol  from  the  kerosene  layer 
by  means  of  the  salt  solution  was  carried  out  twice.  The  butyl  and  crotonyl  al¬ 
cohols  were  determined  by  fractional  distillation  of  part  of  the  condensate  from 
a  copper  vessel  with  a  volume  of  5  liters  (3  to  3*5  liters  of  condensate  were 
used  for  the  fractional  distillation)  through  a  column  with  a  dephlegmator ,  By 
means  of  several  distillations,  and  the  drying  of  the  distillate  obtained  with 
fused  potash,  a  fraction  was  separated  which  boiled  from  110  to  125**  •  In  this 
fraction,  the  quantity  of  C4  alcohols  was  determined  by  acetylation  according 
to  Menshutkin’s  method,  and  the  crotonyl  alcohol  content  was  determined  by  hyd¬ 
rogenation,  using  Ginzberg's  method.  The  presence  of  butyl  alcohol  in  the  llO- 
125®  fraction  from  Experiment  No.  2  with  a  mixture  of  ethyl  alcohol  and  butyral- 
dehyde  was  shown  by  the  preparation  of  butyl  acetate,  with  a  b.p.  of  124.5-126°, 
and  do  O.9OO8  (according  to  the  data  in  the  literature,  the  boiling  point  of 
butyl  acetate  is  124-125°,  and  d©  O.9OI6).  The  yields  of  crotonyl  and  butyl  al¬ 
cohols  are  listed  above  in  Table  3>  * 


TABLE  8 

The  separation  of  the  higher  alcohols  by  way  of  boric  acid  esters 


No,  of 
Expt, 

Amount  of  fraction 
used  for  prepara¬ 
tion  of  borates 

Water  separated 
during  esteri¬ 
fication  (in  g) 

Alcohols  obtained  by 
way  of  borates  (in 
g) 

.  1 

84.4 

12 

46.2 

2 

584 

100 

242 

3 

235 

57 

118.8 

4' 

712 

113 

433.0 

5 

305 

48 

172.2 

The  residue  in  the  vessel  after  the  distillation  of  the-  110-115°  fraction 
was  subjected  to  treatment  with  the  objective  of  separating  the  Ce  alcohols,  in 
order  to  separate,  the  phenols,  the  residue  was  washed  with  a  30^  solution  of 
NaOH  and  then  with  water,  and  dried  over  fused  potash.  By  means  of  fractional 
distillation  at  a  pressure  of  10-12  mm,  a  fraction  was  separated  from  the  dried 
residue,  from  the  beginning  of  boiling  up  to  117° 

The  alcohols  contained  in  this  fraction,  which  boiled  above  125°  at  atmos¬ 
pheric  pressure,  were  combined  with  boric  acid.  The  boric  acid  used  was  calcul¬ 
ated  to  form  the  triboi'ate  of  hexyl  alcohol,  with  a  30^  excess.  The  production 
of  the  boric  esters  was  carried  out  under  vacuum,  by  the  method  used  by  S.M.Riv- 
kin  for  the  separation  of  the  higher  alcohols  from  the  products  of  the  synthetic 
rubber  industry  [se]-  After  the  hydrocarbons  had  been  distilled  off,  the  bor¬ 
ates  of  the  higher  alcohols  were  in  the  form  of  a  light-brown,  glycerine-like 

• 

After  washitic  the  altalino  solution  was  decomposed  with  ndneral  acids,  and  acquired  a  sharp,  character¬ 
istic  phenol  odor.  It  was  not  investigated  in  greater  detail. 


Table  9 


Fractional  distillation  of  the  fracticxis  from  145  175^  and  frcat  175  200° 


No.  of 

expt 

Amount  of  fraction 
from  145  175°  and 
from  175  200°(in 
%  of  total  amount 
of  higher  alcohols 
separated  bv  way 
of  borate 

No. 

of 

distil 

1 at ions 

Fraction  obtained  in  weight  % 

Water  lost 
in  drying 
and  other 
losses 

to  145° 

145 

151° 

154° 

H 

B 

residue 

1 

64  1 

3.8 

6  0 

18  6 

22  0 

4  4 

33  4 

14  6 

7  2 

2 

76-9 

5 

7.4 

5  7 

19-  7 

13  9 

1  7 

34  4 

14  4 

2  8 

3 

55.3 

1 

9  5 

4  6 

18  9 

32  y 

14  i 

4  4 

14  0 

1.6 

4 

21  0 

4 

7  4 

8  6 

8  3 

4  9 

4  7 

47  4 

13  6 

5  1 

5 

20.  1 

1 

0.4 

2  2 

5  4 

6  2 

6  8 

68  0 

8  0 

3.0 

Table  10 

Investigation  of  the  Co  Blconol  fraction 


liquid.  In  oi  i 'r  to  rerrrern.te  t:ie  alcohols,  the  borates  were  saponified  with 
the  calculated  of  water,  used  in  slight  excess.  The  boric  acid  was  sep¬ 

arated  frcci  the  a]  coriols  by  filtration  through  a  Bucimer  funnel,  and  was  washed 
tliree  times  with  ether  in  order  to  separate  the  alcohol  completely.  The  ether 
was  distilled  off  from  the  alcohols  on  the  .wator  bath. 

In  Table  8  are  listed  the  results  of  the  separation  of  the  higher  alcohols 

by  way  of  the  boric  acid  esters,  calculated  for  the  total  quantity  of  condensate. 

After  drying  with  fused  potash,  the  alcohols  were  distilled  from  a  flask 
with  a  needle-shaped  dephlegrriator .  Fractions  that  boiled  from  145  to  175**  >  175 
to  200“,  and  200  to  225“,  were  obtained.’*  The  first  two  of  these  fractions  were 
dried  with  fused  potash  and  subjected  to  further  fractionation  by  distillation 
through  a  column  270  mm  high,  with  diameter  15  mm,  filled  with  glass  beads,  and 
fitted  with  a  soldered  dephlegmator  with  2  small . spheres,  and  then  from  a  small 
flask  with  a  dephlegmator.  The  results  of  the  fractional  distillation  of  the 

fractions  from  145  to  175**  and  from  175  bo  200“ '  are  given  in  Table  9* 

5.  The  investigation  of  the  Cq  alcohol  fractions 

The  fractions  of  Cq  alcohols  separated,  with  b.p.  151-154**  and  154-156“  (cf . 
Table  8)  were  hydrogenated  over  platinum  black  in  the  apparatus  of  S.V. Lebedev 
[2t]  in  order  to  determine  their  content  of  unsaturated  hexyl  alcohol.  The  con¬ 
tent  of  hydroxyl  groups  In  these  fractions  was  determined  by  acetylation  by  Men- 
shutkin's  method,  in  sealed  tubes.  We  also  determined  the  specific  gravity,  the 
molecular  weight  (cryoscoplcally) ,  the  elementary  composition  (by  combustion 
over  copper  oxide),  and  the  index  of  refraction  according  to  Abbe.  The  results 
of  the  Investigations  of  the  Cq  alcohol  fractions  are  given  in  Table  10. 

For  hexanol-1,  according  to  the  data  in  the  literature  do  0,8535 
ng°  1.41326  [3o];  computed  M:  102j  computed  OH  l6,67j  H  13*825  C  70,51, 

For  hexene-2-ol-l,  according  to  the  data  in  the  literature  do®  0,8490 
n^®  1.4403j3i]^  computed  M  IOO5  computed  OH  16”, 975  H  12,095  C  71,95* 

*  From  Table  10  it  can  be  seen  that  the  Co  alcohols  obtained  from  dlfferendi 

experiments  were  very  similar  to  each  other  in  their  characteristics.  They  rep¬ 
resented  a  mixture  of  saturated  and  unsaturated  Ce  alcohols.  Also  the  ratio 
between  the  saturated  and  unsaturated  alcohols  changed  in  relation  to  the  com¬ 
position  of  the  mixture  used  for  the  contact  transformation.  With  higher  con¬ 
centrations  of  butyraldchyde  in  the  original  mixture  ^Experiments  2  and  3)  the 
content  of  unsaturated  C.3  alcohols  in  the  fractions  separated  increased,  as  these 
were  formed  in  amounts  relatively  larger  than  those  of  the  saturated  alcohol. 

The  addition  of  crotcnaldehydo  to  the  ethyl  alcohol  had  little  influence  on  the 
yields  of  saturated  and  unsaturated  Ce  alcohols  This  can  be  seen  from  Table 
4  (cf.  above),  in  which  the  yields  of  saturated  and  unsaturated  Ce  alcohols  are 
listed  for  the  ameunt  of  ethyl  alcohol  that  reacted. 

In  order  to  clarify  the  question  cf  the  structure  of  the  Ce  alcohols  obtain¬ 
ed,  the  fractions  from  151-154'*  and  154-156“  from  Experiment  2  were  mixed  and 
hydrogenated  by  the  method  of  S.V.Lebaaev  over  platinum  black.  For  the  purpose 
of  hydrogenation,  4  g  was  used.  The  saturated  alcohol  obtained  was  dried  with 
potash  end  boiled  over  metallic  calcium  for  complete  removal  of  moisture.  The 
hexyl  alcohol  obtained  with  b,p,  151-154'*,  was  Investigated,  It  had  d®  0.83755 
ng®  1.4172. 

According  to  the  literat'ire  data,  hexanol-1  has  b.p,  155,2*155.7“  [32]5 

d8  0,83335  1.41526, 


The  results  of  tliC  in'. e-.st  i(.n  pi  tlio  ZUO  225°  fraction,  contained  o-tolyl  alcchol.  are  given  in 

CTin  of  oiir  prrcodinm  articles 
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Tlie  determination  of  OH  groups  in  the  hydrogenated  product  was  carried  out 
by  acetylation,  by  the  method  of  Kenshutkin: 

0.1320  g  substance.  O.3208  g  acetic  anhydride;  50^05  ml  of 

0.1  N  KOH. 

Found  OH  l6,60. 

CeHiaCOH).  Computed  OH  I6.67, 

0.0970  g  substance:  17«5^  g  benzene:  At  O.28I®, 

Found:  M  101 
C6H14O.  Computed:  M  102. 

0.1771  g  substance;  0.4593  g  CO2;  0.2203  g  HgO. 

Found  C  70.75;  H  13-92. 

CeHi40.  Computed  C  70. 5I;  H  13-82. 

The  acetate  of  the  hydrogenated  product  was  obtained  with  b.p.  168®,  do 
0.8698,  and  the  phenyl urethane  with  m.p.  41,5 -^2®.  According  to  the  data  in  the 
literature,  the  acetate  of  n-hexyl  alcohol  has  b.p.  169.2®,  do  O.8902  [33],  and 
the  phenylure thane  has  m.p.  42®  [34]. 

From  the  results  of  the  investigation  it  is  clear  that  the  saturated  alco¬ 
hol  obtained  completely  corresponds  to  the  composition  CeHiaOH. 

The  production  of  the  acetate  and  phenylure thane  of  this  alcohol  shows  that 
the  hydrogenated  product  has  the  normal  structure.  Thus,  the  alcohols  under  in¬ 
vestigation,  contained  in  the  fractions  taken  for  hydrogenation,  also  had  straight 
carbon  skeletons. 

In  order  to  determine  the  position  of  the  double  bond  in  the  unsaturated  Cq 
alcohol,  we  carried  out  its  oxidation  with  potassium  permanganate.  We  subjected 
to  oxidation  the  C©  alcohols  from  Experiment  2.  The  151-15^ **  15^-158°  frac¬ 

tions  were  mixed.  I5  g  of  material  was  oxidized  with  I665  ml  of  a  solution 
of  potassium  permanganate.  The  oxidation  was  continued  for  about  48  hours,  with 
cooling  with  ice,  and  constant  shaking.  The  products  of  oxidation  were  treated 
in  the  usual  manner.  The  salts  of  organic  acids  were  decomposed  with  10^  suir- 
urlc  acid.  The  acids  were  extracted  with  ether.  After  the  ether  had  been  driven 
off,  an  insignificant  quantity  of  crystals  of  solid  acids  remained  The  crys¬ 
tals  were  separated  from  the  liquid  acids  by  filtration.  The  liquid  acids  were 
fractionally  distilled  to  give  butyric  acid,  which  was  shown  by  the  preparation 
of  its  silver  salt. 

0.0428  g  substance:  0,023^  g  Ag.  *  .  ' 

Found  Ag  55-57- 

CaHgCOOAg.  Computed  Ag  55-5^« 

Caproic  acid  could  not  be  isolated.  Investigation  of  the  solid  acids  by 
means  of  a  qualitative  test  for  succinic  acid  with  ferric  chloride  gave  a  nega- ’ 
tive  result.  Oxalic  acid  was  detected  by  the  microscopic  Investigation  of  the 
calcium  salt. 

The  butyric  and  oxalic  acids  obtained  by  means  of  oxidation  showed  that 
hexene-2-ol -1  was  contained  in  the  fractions  under  investigation-  The  specific 
gravity  and  the  index  of  refraction  of  the  hexyl  alcohol  fractions  which  contained 
a  considerable  amount  of  unsaturated  alcohol  (Table  9)  were  close  to  the  specific 
gravity  and  index  of  refraccion  of  hexene-2-ol-l . 

SUMI-IARY 

1.  Mechanisms  have  been  proposed  for  the  formation  of  aldehydes,  alcohols, 
and  hydrocarbons  with  an  even  number  of  C  atoms  which  are  the  byproducts  of  the 
S.V. Lebedev  reaction.  The  mechanisms  are  based  on  experimental  data  and  on  the 
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principles  previously  advanced  by  us  for  the  explanation  of  the  catalytic  trans¬ 
formation  of  ethyl  alcohol  into  divinyl.  ^ 

2.  It  has  been  shown  that  during  the  catalytic  transformation  of  mixtures 
of  ethyl  alcohol  with  crotonaldehyde  over  the  S.V. Lebedev  catalyst  there  is  ^n 
increase  in  the  formation  of  crotonyl  and  butyl  alcohols  in  comparison  w’ith  the 
yields  of  these  products  from  ethyl  alcohol  alone, 

3.  It  has  been  shown  that  during  the  catalytic  transformation  of  mixtures 

of  ethyl  alcohol  with  crotonaldehyde  and  mixtures  of  ethyl  alcohol  with  but:-r- 

aldehyde  over  the  dehydrogenating  component  of  the  catalyst  not  only  are  crotonyl 

and  butyl  alcohols  formed,  but  saturated  and  unsaturated  hexyl  alcohols  as  well. 

It  has  been  shown  that  the  saturated  Ce  alcohol  obtained  in  this  case  is 
hexanol-1,  and  the  unsaturated  alcohol  has  the  structure  hexene-2-ol-l. 
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THE  PHirSICO  CHEMICAL  PROPERTIES  OF  ORGANIC  COMPOUNDS 
AND  THE  STRUCTURE  OF  THEIR  MOLECULES 

V. .  THE  FOILING  POI^^^S  OF  MONOCHLORO  DERIVATI\'ES  OF  TFIE  ALIPHATIC  STKIES 


N.  Kozlov 

Molotov  state  Pedagogical  institute 


The  boiling  point  of  monochloro  derivatives  of  saturated  hydrocarbons 


Despite  the  fact  that  the  boiling  points  of  halogen  derivatives  of  hydrocar¬ 
bons  of  the  methane  series  have  been  subjected  to  theoretical  investigation. 
the  basic  lavs  for  the  change  in  boiling  point  have  not  yet  been  successfully  de¬ 
termined.  When  we  considered  that  these  compounds  are  beginning  to  be  of  greatly 
increasing  significance  in  industry,  and  that  their  boiling  points  are  the  most 
Important  physico-chemical  characteristic  they  have,  ve  decided  to  apply  the 
method  we  had  previously  proposed  for  the  investigation  of  boiling  points  [3]  to 
the  investigation  of  the  halogen  derivatives  as  well.  Here,  too,  we  start  from 
the  assumption  that  the  boiling  point  of  any  isomer  can  be  determined  from  the 
boiling  point  of  the  monochloro  derivative  with  a  normal  chain  of  carbon  atoms 
with  the  help  of  a  number  of  coefficients. 


That  is  why  the  boiling  points 
of  the  primary  monochlorinated 
normal  hydrocarbons  were  caken  by 
us  as  a  standard  of  measurement. 
The  experimental  data  on  their 
boiling  points  that  ve  used  were 
taken  from  Beilstein's  reference 
book  [4],  and  are  listed  in  Table 
1. 

From  the  data  of  Table  1  it 
can  be  seen  that  in  the  homolo¬ 
gous  series  of  monochlcrc  derive  • 
tlves,  in  going  from  one  hcmolog 
to  the  next,  the  difference  in 
boiling  points  gradually  decreases 


TABLE  1 


Boiling  points  of  primary  monochlorinated 
methane  hydrocarbons 


Name 

B.p, 

Homologous 

difference 

Methyl  chloride 

-2U 

— 

Ethyl  chloride 

12,5 

36,5 

n-Piopyl  chloride 

32.6 

n-Butyl  chloride 

78 

33.0 

n-Amyl  chic ride 

107 

29,0 

n -Hexyl  chloride 

153 

26  0 

n-Heptyl  chloride 

158 

23,0 

n -Octyl  chloride 

182 

24.0 

n-Nonyl  chloride 

205* 

23.0 

Further,  by  a  comparison  of  the  b  p.s 

nf  .the  -innr-oniil  .ore:  ner  i  va  t  i  v  e  s  of  iso  structure  with  ^  he  boiling  pcints  listed 
above  for  the  monochlcrc  derivatives  of  normal  structure,  we ’determined 
the  coefficients  showing  the  influence  of  structural  factors  on  the  boiling 
points.  Their  values  are  listed  by  us  in  Table  2.  In  case  two  methyl  groups 
are  attached  to  a  single  carbon,  tricir  presence  has  twice  the  effect  on  the  boil¬ 
ing  point  of  a  singly  methyl  group  at  this  position  in  the  molecule.  In  cast? 
several  methyl  groups  are  present  in  the  molecule,  their  effect  is  the  sum  of 


Put  forward  by  us. 


the  effe'-ts  of  each  methyl  group 
taken  separately.  Here  the  coef¬ 
ficient  for  the  combined  effect  of 
two  methyl  groups  upon  neighboring 
carbon  atoms,  which  equals 
maintains  its  value. 

Finally,  the  boiling  point  of 
a  monochloro  derivative  of  any 
structure  can  be  determined  from 
Formula  (l),  which  has  the  follow¬ 
ing  form: 

T  of  Isomer  =  T'  +  (Aq  —  'Bq  — 

-  Cn  -  •  (1) 

where  T'  is  the  boiling  point  of 
the  primary  halogen  derivative 
with  a  normal  carbon  chain,  with 
the  same  number  of  atoms  as  the 
iscmer;  A,  B,  C  ...  are  the  coef¬ 
ficients  for  the  structural  fact¬ 
ors;  n  is  the  number  of  identical 
structural  types  or  of  Identical 
combinations  of  structural  groups. 

Using  the  coefficients  we  had 
obtained,  and  Formula  (l),  we  car¬ 
ried  out  the  calculation  of  the 
boiling  points  of  monohalogen  deri¬ 
vatives  of  the  methane  series  with 
different  structures.  The  data  we 
obtained  are  listed  in  Table  5’ 

The  experimental  data  on  the  boil¬ 
ing  points  of  monochloro  deriva¬ 
tives,  which  are  listed  in  Table 
were  derived  by  us  from  Beilstein's’ 
reference  book  [4]. 


TABLE  2 

Corrected  coefficients  with  regard  to 
the  boiling  points  of  primary  halogen 
derivatives  of  normal  structure 


Structural  factor 

Lowering 
of  b.p. 

Position  of  the  halogen  in 
the  carbon  chain: 

1  2 

1)  CH3-CHCI-  . 

12  3 

10.0“ 

2)  CK3-CH2-CHCI-  . 

and  so  on  unchanged 

7.0 

Position  of  the  methyl  group 
with  respect  to  the  chlor- 

• 

ine  atom: 

V 

3)  X-CHCl-CH-  . 

ifia 

8.0 

4)  X-CHCI-CH2--CH-  . 

fcH3 

7.0 

and  so  on  unchanged 

5)  -CCl- . . . . 

CH3 

10 

where  X  is  an  atom  of  hydrogen  or  a  rad 
ical  with  normal  structure. 

The  results  listed  in  Table  5  show  that  the  calculated  boiling  points  agree 
practically  completely  with  those  found  experimentally,  and  this  fact  confirms 
the  appllcabilixy  of  our  method-  At  tlie  same  time,  it  gives  us  the  possibility 
of  formulating  a  number  of  empirical  rules  on  the  boiling  points  of  monochloro 
fierivatives  of  the  methane  series,  to  wit” 

1.  As  a  rule,  of  all  the  isomers  of  monohalogcn  derivatives,  the  secondary 
boils  lower  than  the  primary  and  the  tertiary  lower  than  the  secondary. 

2.  If  we  have  an  unbranched  chain  of  carbon  atoms,  then,  of  all  the  isomers 
of  a  secondary  character,  the  lowest  boiling  point  will  be  possessed  by  the  iso¬ 
mer  which  has  the  halogen  on  the  s.econd  carbon! 

5.  If  there  is  a  single  methyl  group  as  a  substituent  on  the  carbon  chain, 
then  of  all  the  primary  monohalogen  derivatives,  the  lowest  boiling  point  will 
be  possessed  by  the  Isomer  which  has  the  methyl  group  in  position  2.  The  other 
isomers  of  this  type  will  have  practically  the  same  boiling  point.  Of  the  iso¬ 
mers  of  a  secondary  character,  the  lowest,  boiling  point  will  be  possessed  by 
tne  iscmer  in  which  the  halogen  is  on  the  second  carbon,  and  the  methyl  group 
is  on  the  neighboring  carbon,  the  highest  boiling  point  will  belong  to  the  Isomer 
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TABLE  3 


The  boiling  points  of  monochloro  derivatives  of  paraffin  hydrocarbons 


Name  of  halogen  derivative 

Boiling  point 

Experimental 

Calculated 

2-Chloropropane  . . . 

36- 

35* 

2-Chlorobutane  . . . 

6? 

68 

l-Chloro-2-methylpropane  .... 

68.6 

70 

2-Chloro-2-methylpropane  .... 

51 

58 

2-Chloropentane  .  - 

96-97 

105 

97 

3-Chloropentane  . 

103-105 

100 

l-Chloro-2-methylbutane  ..... 

97-99 

99 

2-Chloro-2-methylbutane  ..... 

86 

87 

3-Chloro-2-methylbutane  . 

91 

90 

U-Chloro-2-methylbutane  . 

98-100 

100 

l-Chloro-2,2-dimethylpropane. 

87-90 

91 

2-Chlorohexane  .............. 

122.5 

123 

3-Chlorohexane  . . . 

— ■ 

126 

2-Chloro-2-methylpentane  .... 

110-113 

113 

3-Chloro-2-methylpentane  .... 

115-116 

118 

5-Chloro-2-methylpentane  .... 

125-126 

126 

3-Chloro-3-niethylpentane  ....  | 

.  110 

116 

116 

l-Chloro-2,3-dlniethylbutane.  . 

I22-I2L 

123 

2-Chloro-2,3-dlmethylbutane. . 

111-112 

110 

3-Chloro-2,2-dlmethylbutane. . 

113 

107 

2-Chloroheptane  ............. 

— 

148 

3-Chloroheptane  ............. 

145 

151 

2-Chloro-2-methylhexane  .... 

130-135  • 

138 

5-Chloro-2-methylhexane  . 

135-137 

l4l 

2-Chloro-2, U-dimethylpentane . 

126  . 

131 

3-Chloro-2, 3-dimethylpentane . 

135-138 

138 

3“Chloro-2,2,3-trlmethyl- 

butane  . . 

130 

132 

2-Chlorooctane  .............. 

171-172 

172 

2-Chloro-2-methylheptane. .... 

140-150 

162 

(decomposition) 

2-Chloro-2,4,4’trimethyl- 

pentane . . 

145-150 

148 

which  has  the  halogen  upon  the  third  or  fourth  carbon  and  the  methyl  group  fur¬ 
thest  away  from  the  halogen  carbon. 

Of  the  isomers  of  a  tertiary  character,  the  lowest  boiling  point  will  be¬ 
long  to  the  isomer  in  which  the  halogen  and  the  methyl  group  are  upon  the  second 
carbon  atom. 

If  two  or  more  methyl  groups  are  present  as  substituents,  the  boiling 
points  of  the  isomeric  compounds  will  be  subject  to  the  rule  of  definite  combin¬ 
ations  of  structural  groups,  which  can  be  determined  by  means  of  the  coefficients 
previously  proposed  by  us. 

This  method  of  investigation,  as  proposed  by  us,  can  be  utilized  for  the 
determination  of  the  accuracy  of  chemical  experim.er.ts,  and  permits  us  to  choose 
between  the  conflicting  experimental  data  of  different  authors.  Thus,  for  exam¬ 
ple,  for  2-chloropentane ,  2  considerably  different  values  of  the  boiling  point 


are  indicated,  96-97“,  and  103-105®)  from  our  point  of  view,  the  first  determin¬ 
ation  is  correct.  For  5-chloro-3-2iethylpentane,  the  boiling  points  110.0®  and 
ll6.0®  are  indicated,  in  this  case  the  second  determination  must  be  considered 
correct,  etc. 

The  formula  we  have  suggested  can  be  utilized  also  for  the  calculation 
of  the  boiling  points  of  halogen  derivatives  which  have  not  yet  been  synthesized. 
This  can  be  done  by  means  of  their  structural  formulas.  Thus,  we  calculate  that 
the  boiling  point  of  l-chloro-2,3-dimethylpentane  must  be  1^8®,  of  2-chloro-2,3- 
dimethylpentane  135*0'’;  etc.  * 

The  boiling  point  of  monochloro  derivatives  of  the  ethylene  series 

In  comparison  with  what  we  found  with  monohalogenated  derivatives  of  the 
methane  series,  in  the  ethylene  series  we  encountered  tw^o  new  factors t  the  pres¬ 
ence  of  the  double  bond,  and  its  interaction  with  the  other  structural  groups ^ 

As  a  result  of  a  study  of  a  wide  range  of  experimental  data,  we  were  able  to 
determine  the  influences  of  these  two  factors  on  the  boiling  point.  These  are 
given,  in  the  form  of  definite  coefficients,  in  Table  h. 


In  addition,  if  the  chlor¬ 
ine  atom  is  attached  to  a  carbon 
with  a  simple  bond,  its  influence 
on  the  boiling  point  is  determin¬ 
ed  by  its  position  in  the  carbon 
chain,  which  corresponds  to  those 
coefficients  which  we  found  in 
the  first  part  of  this  paper. 

The  combination  of  such  a  chlor¬ 
ine  atom  with  a  double  bond  shows 
no'lnfluence  on  the  boiling  point. 
If  the  chlorine  atom  is  attached 
to  a  carbon  of  a  double  bend,  in 
this  .case  the  CHC1:^CH-  combination 
lowers  the  boiling  point  5*0®,  and 
the  combination  -CCl-  CH-  lowers  it 
10* .  Neither  the  methyl  group  nor 
the  chlorine  atom  which  are  attach- 
fd  to  a  carbon  of  the  double  bond 
combine  with  other  substituents 
which  may  be  attached  to  carbon 
atoms  with  a  simple  bond,  to  in¬ 
fluence  the  boiling  point.  A  meth¬ 
yl  group  attached  to  a  carbon  with 
a  simple  bond,  unless  it  has  a  com¬ 
bined  effect  with  a  chlorine  atom 
attached  to  a  carbon  with  a  simple 
bond,  has  an  effect  ■which  depends 
on  its  .position  in  the  carbon  chain 
ing  work  [3 ] .  This 
under  consideration 


TABLE  4 


Structural  factor 

Lowering  of  b.p.  of  pri 
mary  monochloro  methane 
hydrocarbons  of  normal 
structure  with  the  same 
number  of  carbon  atoms 

Position  of  the 
double  bond: 

C-C-C-  . 

5.0* 

C-C-C-C-  . 

0.0 

C-C-C-0-  . 

2.0 

C-C-C-C=--C- . 

3.0  . 

and  so  on  with¬ 
out  change 

Combination  of 

the  double  bond 
with  a  methyl 
group 

CHs-C^CH-  . 

1 

i+.O 

CE3 

-CH-C-CH-  . 

2.0 

CH3 

1 

as  has  been  determined  by  us  in  our  preced- 
greup  does  not  combine  with  the  double  bond  in  the  compounds 
to  influence  the  boiling  point.  Methyl  groups  which  are  at- 


tache^d  to  carbons  with  single  bonds  in  the  1^2  positions,  as  has  been  previously 
denermined,  by  means  of  their  Joint  action  raise  the  boiling  point  5-0®.  Methyl 
groups  and  chlorine  atoms  at'cached  to  carbons  with  single  bonds  influence  the 
boiling  point  to  a  degree  wnich  depends  on  their  position  in  the  molecule.  This 
degree  is  shown  by  the  coefficients  which  we  determined  previously.  B’ut  if  the 
chlorj.re  atom  is  far  removed  from  the  methyl  group  of  the  carbon  with  the  double 
bond,  there  is  no  observable  influence  of  this  kind  of  Joint  effect.  For  the 
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determination  of  the  boiling  point  of  monochloro  derivatives  of  the  ethylene 
series,  we  have  also  utilized  Formula  fl);  as  the  basis  of  our  calculation,  we 
used  in  it  the  boiling  points  of  monohalogen  derivatives  of  the  methane  series 
of  normal  structure  which  are  listed  in  Table  1.  The  results  of  our  calculation 
are  listed  in  Table  5.  The  experimental  data  in  Table  5  are  taken  from  Beil- 
steln,  [4]. 

TABLE  5 

Bolling  points  of  monochloro  derivatives  of  ethylene  hydrocarbons 
Name  of  compound 

Chloropropene-1  . . . 

2- Chloropropeiie-  1 . 

3- Chloropropene-l  . . . . 

2-Chlorobutene-2  . . 

l-Chlorobutene-2  . . . . . 

1- Chloro-2-methylpropene-2  .... 

2- Chloropentene-l  . . . . 

3- Chloropentene-l  . . . 

4- Chloropentene-l  . . 

3-Chloro-2-methylbutene-l  . 

3- Chloro-2-methylbutene-2  . 

4- Chloro-2-methylbutene-5  ...... 

2-Chloro-2-methylbutene-3  . 

4- Chlorohexene-l  . 

5- Chlorohexene-l 

5-Chloro-2-n:ethylpentene-2 . 

2- Chloro-2-methylpentene-4  . 

4-Chloro-2-methylpentene-4  . 

3- Chloro-2,2-dimethylbutene-3  . . 

1- Chloroheptene-l  . . 

4- Chloroheptene-l  . . 

4-Chloro-2,4-dimethylpentene-l . . 

3- Chloro-2,4-diinethylpentene-2.  . 

2- Chlorooctene-l  ............... 

2-Chlorooctene-2 

4- Chloro-2-methylheptene-6 


The  data  of  Table  5  confirm  the  applicability  of  the  formula  and  coeffi¬ 
cients  we  have  proposed  for  the  calculation  of  the  boiling  points  of  chloro  der¬ 
ivatives  of  the  ethylene  series;  the  theoretically  calculated  values  agree  with 
those  found  experimentally.  On  the  basis  of  our  calculations,  we  must  assume 
that  there_  are  errors  in  the  experimentally  determined  data  for  the  boiling 
point  of  2-chloro™3 ’Ciethylbutene-O  ;,four.d  to  be  IC9.O")  and  of  5“Chlorohexene-l 
(found  to  be  130-l40°);  their  actual  boiling  points  must  correspond  to  those 
calculated  by  our  formula. 

The  proposed  formu] as  and  coefficients  may  be  utilized  for  the  calculation 


of  boiling  points  of  monochloro  derivatives  of  the  ethylene  series  which  have 
not  yet  been  synthesized.  Thus,  for  example,  the  boiling  point  of  3-ct»loro- 
2,5-dimethylpentene  must  be  equal  to  101,0®,  of  5-chloro-2,2-dimethylpentene-4 
to  99 *0*^  etc. 

The  coefficients  proposed  by  us  are  characteristic  values  for  the  measure-  . 
ment  of  the  influence  of  structural  factors  on  the  boiling  point.  And  if  the 
strength  of  the  interaction  between  structural  elements  is  proportional  to  the 
degree  of  their  influence  on  the  boiling  point,  then  the  coefficients  proposed 
by  us  can  also  serve  as  a  measurement  of  their  Interaction.  Thus,  for  example, 
the  most  powerful  Influence  on  the  boiling  point  is  shown  by  the  Joint  action 
of  the  methyl  group  and  a  chlorine  atom  in  the  case  where  these  are  upon  a  sin¬ 
gle  carbon,  and  the  degree  of  this  Influence  decreases  as  the  dis^tance  between 
them  in  the  carbon  chain  Increases.  Moreover,  the  influence  of  a  chlorine  atom 
in  combined  action  with  a  double  bond  on  the  boiling  point  is  greater  in  the 
case  where  the  halogen  is  attached  to  the  carbon  which  has  no  hydrogen  atom  upon 
it,  etc. 

The  very  fact  that  the  broad  factual  data  of  present-day  organic  chemistry 
confirm  the  results  of  our  calculated  boiling  points  of  organic  compounds  is 
doubtless  of  scientific  interest  and  significance.  That  is  why  we  consider  that 
the  method  we  have  proposed  reflects  in  some  form  genuine  relationships  between 
structural  elements  in  the  molecule,  and  that  this  may  favor  the  deepening  of 
our  knowledge  of  the  structure  of  organic  substances. 

SUMMARY 

1.  The  boiling  points  of  monochloro  derivatives  of  methane  and  ethylene 
hydrocarbons  have  been  studied,  and  the  quantitative  relationship  determining 
the  dependence  of  boiling  point  on  the  structure  of  the  molecules  has  been  found. 

2.  A  formula  has  been  proposed  for  the  calculation  of  the  boiling  points 
of  the  compounds  studied.  This  makes  it  possible  to  indicate  inaccuracies  in 
the  experimental  data  of  a  number  of  authors,  and  to  predict  the  boiling  points 
of  compounds  not  yet  synthesized, 
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THE  STRUCTURE  OF  THE  MOLECULE 


AND  THE  ROILING  POINTS  OF  ORGANIC  COMPOUNDS 

.VI.  THE  ROILING  POINTS  OF  ALDEHYDES  AND  KETONTIS  OF  THE  ALIPHATIC  SERIES 

K.  Kozlov 


In  modern  scientific  literature,  no  work  has  yet  appeared  which  has  been 
able  to  reveal  the  basic  regularities  in  the  change  of  the  boiling  points  of 
aldehydes  and  ketones  of  the  aliphatic  series.  From  our  point  of  view,  this 
Is  of  scientific  and  practical  Interest  in  connection  with  the  considerably  in¬ 
creased  significance  of  these  compounds  in  Industry. 

In  an  investigation  of  the  boiling  points  of  these  compounds,  we  applied 
our  method,  the  main  outlines  of  which  have  been  described  in  a  number  of  our 
preceding  communications  [i]. 

In  this  work,  we  start  with  the  assumption  that  in  a  study  of  the  boiling 
points  of  aldehydes  we  must  take  as  fundamental  the  aldehydes  in  which  the  carb¬ 
onyl  group  is  attached  to  radicals  of  normal  structure,  using  for  these  compounds 
experimentally  determined  boiling  points.  However,  we  already  know,  as  has  been 
shown  previously,  what  sort  of  changes  in  the  boiling  point  of  this  kind  of  alde¬ 
hyde  results  from  all  possible  changes  in  the  hydrocarbon  chain.  Thus,  we  have 
determined  the  influence  of  definite  structural  factors  on  the  boiling  points  of 
the  aldehyde  series.  In  the  study  of  ketones,  we  chose  as  fundamental  for  com¬ 
parison  the  ketones  in  which  the  carbonyl  group  is  in  the  2  position,  that  is, 
compounds  of  the  type  CH3-CO-R,  in  which  R  represents  a  radical  of  normal  struc¬ 
ture.  Then,  by  displacing  the  carbonyl  group  in  the  hydrocarbon  chain,  and 
studying  the  experimentally  found  boiling  points,  we  determined  the  influence 
of  these  displacements  of  the  carbonyl  group  on  the  boiling  point. 

Moreover,  by  changing  the  structure  of  the  hydrocarbon  chain  in  the  rad¬ 
ical  attached  to  the  carbonyl  group,  we  determined  the  degree  of  Influence  of 
this  change  on  the  boiling  point. 

In  the  present  work  on  the  investigation  of  the  boiling  points  of  aldehydes 
and  ketones,  we  have  considered  only  those  hydrocarbon  radicals  in  which  there 
are  methyl  groups  present  as  substituents  in  the  hydrocarbon  chain.  In  this  con¬ 
nection  we  have  shown  that  the  influence  of  the  methyl  group,  present  as  a  sub¬ 
stituent  in  the  hydrocarbon  chain  of  the  radical,  on  the  boiling  point  is  de¬ 
termined  by  its  relation  to  the  carbonyl  of  the  aldehyde  or  ketone  group. 


Inasmuch  as  we  have  accepted,  as  a  basis  fer  comparison,  the  boiling 
points  of  the  definite  kinds  of  compounds  indicated  above,  we  consider  it  neces¬ 
sary  in  the  present  paper  to  indicate  the  boiling  points  which  we  have  taken  for 


TAE!£  1 


Name  of  aldehyde 


Acetaldehyde .... 
Propionaldehyde . 
n-Butyraldehyde . 
n-Valeraldehyde . 
n-Caprolc  alde¬ 
hyde  . 

n-Heptylic  alde¬ 
hyde  . 

n-Capryllc  alde¬ 
hyde  . 

n-Pelargonic 

aldehyde . 

n-Caprlc  aide-, 
hyde . 


Boiling 

point 

Difference 
in  b.p.s 
between 
homo logs 

- 

21® 

— 

49 

28 

75’ 

26 

102 

27 

130 

28 

152 

22 

172 

20 

190 

18 

208 

18 

Name  of  ketone 


Acetone  . 

Methyl  ethyl 

ketone  . 

Methyl  n-propyl 

ketone  . 

Methyl -n-butyl 

ketone  . 

Methyl  n-amyl 

ketone  . 

Methyl  n-hexyl 

ketone  . 

Methyl  n-heptyl 

ketone  . 

Methyl  n-octyl 
ketone  . 


Boiling  Difference 
point  in  b.p.s 
between 
homologs 


TABLE  2 


Structural  factor 
Shift  of  carbonyl  group: 


Influence  on  the 
boiling  point 


CH3-CO-  . 

CH3-CH2CO-  . 

CHo-CHs-CHs-CO . . . 

further  shifts  have  no  coefficient 

Relative  positions  of  carbonyl  group 
and  methyl ' group  s 

TCOyCH~  . . 

-CO-CH2-CH- . .  .  c  .  . . .  .  , 

CHa 

-CO-CH2-CH2-CH-  .... _ _  .  ,  c  . . . . . 


the  actual  compounds  on  the  basis  of  existing  data  in  the  literature  [2]  (Table 

1). 

The  coefficients  derived  by  us  for  the  influence  of  structural  factors  on 
the  boiling  points  of  aldehydes  and  ketones  hc'-e  the  values  given  in  Table  2. 

It  is  important  to  emphasize  that  the  interactions  between  the  methyl 
groups  which  are  present  as  substituents  in  the  hydrocarbon  chain  in  the  alde¬ 
hyde  and  ketone  series  are  maintained  exactly  as  in  the  preceding  work.  Only 
the  methyl  groups  which  are  attached  to  neigh'^oring  carbon  atoms  interact  to 
an  extent  to  raise  the  boiling  point  5® . 

The  general  formula  for  the  calculation  of  the  boiling  points  of  aldehydes 
and  ketones  has  the  same  form_as  for  all  the  compounds  of  the  aliphatic  series, 
namely: 

•  T  =  T'  +  (An  +  Bn  +  Cn  ...),  (l) 

where  T'  is  the  boiling  point  of  the  aldehyde  with  a  normal  chain  of  carbon 
atoms  in  the  radical  or  the  boiling  point  of  the  ketone  with  the  carbonyl  in 
position  2  and  a  normal  chain  of  carbon  atoms  in  the  radical;  A,  B,  C. , ,  are 
the  coefficients  of  the  structural  factors  or  the  factors  for  the  influence  of 
mutual  interaction  of  the  substituents  with  respect  to  each  other;  n  is  the 
number  of  Identical  structural  factors  or  identical  forms  of  interaction  of  the 
substituents  with  each  other. 

Guiding  ourselves  by  the  hypothesis  set  forth  above,  and  by  the  formula 
(1)  which  we  had  proposed,  we  have  also  carried  out  the  calculation  of  the  boil¬ 
ing  points  of  aldehydes  and  ketones  of  the  most  varied  structure.  The  results 
obtained  by  us  are  listed  in  Table  3*  The  experimental  data  on  the  boiling 
points  of  aldehydes  and  ketones  were  taken  by  us  from  Beilstein*s  [2]  reference 
book. 

The  data  of  Table  3  clearly  enough  confirm  the  complete  applicability  of 
the  formula  we  have  suggested  for  the  calculation  of  the  boiling  points  of  alde¬ 
hydes  and  ketones,  with  remarkably  great  accuracy,  except  for  two  cases:  that  of 
trlmethylacetaldehyde  and  that  of  2,2-dimethylbutanal-l.  In  the  other  cases, 
the  deviation  lies  within  the  limits  of  experimental  error,  and  the  corrections 
for  pressure. 

This  gives  us  a  basis  for  utilizing  this  formula  for  deciding  a  number  of 
questions  of  practical  significance: 

In  the  first  place,  for  the  determination  of  errors  in  the  experimental 
measurements  of  the  boiling  points  of  a  number  of  aldehydes  and  ketones.  Thus, 
for  example,  for  2-methylhexanone-3  there  are  several  experimentally  determined 
boiling  points,  in  particular,  one  129-130° >  and  one  135-130°;  we  must  accept 
the  latter  as  the  correct  value.  The  first  determination  cannot  be  accepted  as 
correct  because  the  deviation  between  the  calculated  and  found  values  of  these 
boiling  points  would  exceed  the  experimenLal  error.  Moreover,  the  boiling  points 
of  146-147°  for  3-methylhexanone -5 ,  of  170-171°  for  2-methylheptanone -6,  and  of 
206-209°  for  2-methylnonanone -4  must  be  considered  to  be  higher  than  the  actual 
values.  On  the  other  hand,  the  boiling  point  of  152-15^°  given  for  2,2,3>5-tetra- 
methylhexanone-3  is  too  low.  In  a  number  of  cases,  e-g.^  of  I56*  for  4-methyl- 
heptanone-2,  of  I9O-I9I*  for  2,^-dimethylheptancne-6,  and  of  200-210*  for  2- 
methylnonanone-3,  the  boiling  point  mtist  be  considered  as  erroneous;  the  actual 
boiling  points  of  these  compounds  correspond  to  the  values  calculated  by  us  by 
means  of  Formula  (l)  and  listed  in  Table  3> 

In  the  second  place,  we  can  utilize  this  formula  for  the  calculation  of 
the  boiling  points  of  aldehydes  and  ketones  which  have  not  as  yet  been  synthe¬ 
sized;  we  can  base  these  calculations  on  their  structural  formulas. 


TABLE  3 

The  boiling  points  of  saturated  aldehydes  and  ketones  of  the  aliphatic  series 


Name  of  aldehyde 


i  Boiling 
Experi¬ 
mental 


Isobutyrlc  .  64-65“ 

2-Methylbutan^l-l  . .  90-92 

2-Methylbutanal-4  ..  92.5 

Trimethylacetalde- 

hyde .  7^ 

2-Methylpentanal-l. .  119-121 
2-Methylpentanal-5 • •  121 

2 , 2-Dlmethylbutan- 

al-1  .  102-104 

2,2,4-Trlmethyl- 

pentanal-5  .  l47-l48 

2,7-Bimethyloctant-  - 

al-1 .  184-185 


Name  of  ketone 


Pentanone-3  . 

2-Methylbutanone-3 

Eexanone-3  . 

2-Methylpentanone^-5 
2fy.ethy]j)entanone-<4 
3j-Methylpentanone-2 

2 , 2-Dimethylbutan- 

one-3 . . .  . . 

Heptanone-3  . 

Heptanone-4  ....... 


101 
■  j  95-94 
,1  123-123. 

' 114-115 

I  117 
118 


2-Methylhexanone-3. 
2-Methylhexanone-4 . 

2- Methylhexanone-5 • 
5-Methylhexanone-2 . 

5-Methylhexanone-4 . 

3- Methylhexanone-5 . 

2 . 2- Dime thylpenta- 

none-5 . . . . 

2 . 2- Dlme thylpenta- 

none-4  . 

2 . 3- Bimethylpenta- 

none-4  . 

2 . 4- Dimethylpenta- 

none-5  . 

3 , 3-Dime thylpenta- 

none-2  . . 

Octanone-3 . . . . 

Octai.one-4  . . . 

2-Methylheptanone-4 

2-Methylheptanone-3 

2 -Me  thy I hept  anone -5 

2- M^thylheptancne-6 

3- Methylheptanone-5 
5 -Methyl hept anone -6 

-Mc-t:'.yl::eptancne-2 , 


106 

147-148 

144-146 

fl29-130 

1135-156 

13t-l35 

l4lt 

[136-137 

I  (142-147 

i  151-159 
159 

'  146-147 


1 125-126 
125-130 
135-156 
125-126 

150.5 

169- 170 
165-168 

155 

158-160 

163 

170- 171 
165 
161 
167 
150 


point 

inSlKITXISI 

Lnt 

Calcu¬ 

lated 

Name  of  ketone 

Ejiperi- 

jmental 

Calcu¬ 

lated 

65“ 

27  2 -Dime thylhexanone -3 

146.8“ 

150 

92 

2,5:-Drmethylhexanone-3 

147.8 

151 

93 . 

3 , 3-Dimethylhexanone-4 
2,2)4-Trimeth.ylpenta.- 

150-151.5 

150 

82 

none-3  . . 

152-135 

152 

120 

Nonanone-3  . 

190 

190 

123 

Nonanone-4  . 

187-188 

188 

2-Methyloctanone-3  . . . 

182-184 

180 

110 

2-Methyloctanone-5  . . . 

177-178 

179 

2-Methyloctanone-6  . . . 

U35 

182 

148 

4-Methyloctanone-2  . . . 
2 , 4 - Dime thy Ihep t a - 

184 

183 

191 

none -6  . 

2,6-Dimethylhepta- 

190-191 

176 

101 

none -4  . 

2,2,4-Trimethylhexa- 

164-166 

164 

95 

125 

none-3  . 

2,2,5-'Drimethylhexa- 

155-156 

160 

115 

none-3  . . . . . 

157-185 

163 

118 

2,6-Dimethylheptan- 

■  118 

one— 3- - . . 

2,4,4  -Tr  imethyijiexa- 

171-172 

175 

107 

148 

none-3  . 

2,2,4, 4 -Tetrame thy 1- 

158-160 

160 

146 

pentanone-3  . 

150-151 

150 

158 

Decanone-3  ........... 

211 

209 

Decanone-4  . 

200-207 

207 

159 

4-Methylnonanone-3  . . • 

200-210 

199 

143 

199-201 

140 

4 -Methylnonanone -2 

196-198 

203 

4,4-Dimethyloctanone-5 

182.6 

184 

158 

2,2^535- Te tr ame t hyl - 
hexanone-3  ........ 

165 

152-154 

171 

I4l 

2,2,4,4  -.Tetrametbyl- 

128 

hexanone-3. ........ 

2,2-Dlmethylhepta- 

172-174 

169 

152 

none-3  . . 

2,2,4-Trlmethylhepta- 

168-172 

172 

none-3  . . 

178-181 

179 

156 

2,4,4-Trimethylhepta- 

126 

none-3  . 

4,4 , 6, 6-Tetramethyl- 

178-181 

179 

150 

nonanone-5  ........ 

2 , 2 , 4 , 4 -Te trame thy 1 - 

229-232 

222 

170 

168 

heptar:one~3* . . . 

2, 2; 4 , 5-Tetramethyl - 

195-196 

188 

159 

160 

hexanone-3  ........ 

3,5  -^Dimethylhepta.- 

195-197 

189 

163 

none -4 . 

170-175 

168 

165 

163 

165 

1  165 

3, 6-Dime thyloctanone-4 

183-186 

188 

ThiiB,'for  exET.ple,  the  boiling  point  of  2, 5-din?thylpentanal-l  will  be 
equal  to  I58®,  that  of  2,3-dimethylhexanone-U  will  equal  ,  etc.,  and  the  num¬ 

ber  of  such  examples  can  be  considerably  increased. 

Thus,  on  the  basis  of  everything  presented  above,  we  can  assume  that  we 
have  succeeded  in  revealing  a  number  of  basic  laws  of  the  change  of  boiling 
points  in  the  aliphatic  aldehyde  and  ketone  series,  with  respect  to  the  structure 
of  the  molecules  and  the  Interaction  of  the  substituents,  seeing  that  we  have 
been  able  to  determine  the  qualitative  nature  of  the  influence  of  factors  c  f  a 
structural  nature  on  the  boiling  point  and  the  influence  of  the  interactions  of 
structural  groups  with  each  other  inside  the  molecule  on  the  boiling  point. 

The  present  work,  it  appears  to  us,  once  more  confirms  the  correctness  of 
our  fundamental  hypotheses,  presented  on  the  basis  of  our  work  on  the  investiga¬ 
tion  of  boiling  points. 

SUMMARY 

1.  The  boiling  points  of  aldehydes  and  ketones  of  the  aliphatic  series 
have  been  studied.  A  number  of  the  most  important  regularities  in  the  change  of 
boiling  point  in  this  series  of  compounds  has  been  determined. 

2.  A  formula  has  been  proposed  for  the  calculation  of  the  boiling  points 
of  aldehydes  and  ketones.  This  has  been  utilized  for  the  indication  of  erron¬ 
eous  determinations  of  the  boiling  point  of  a  number  of  compounds  under  consider¬ 
ation,  and  for  the  calculation  of  the  boiling  points  of  a  number  of  aldehydes 
and  ketones  which  have  not  yet  been  synthesized. 
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a-Thlo  acids  of  the  type  (ill)  are  formed  by  the  splitting  of  the  cor¬ 
responding  derivatives  of  rhodanine  (ll),  formed  as  a  result  of  the  condensation 
of  rhodanine  (l)  with  various  cairbonyl  compounds. 


CHs- 


RCH=C- 


RCH2-O-COOH 

■I 

(III) 


CO - NH  CO - NH 

(I)  (II) 

A  great  number  of  derivatives  (ll)  has  been  described  [1].  These  were  ob¬ 
tained  by  the  condensation  of  rhodanine  with  aldehydes  both  of  an  aliphatic ;  and 
in  particular,  of  an  aromatic  and  heterocyclic  character.  However,  up  to  the 
present,  no  condensation  products  of  rhodanine  and  ketones  have  been  obtained. 

In  addition,  we  can  encounter  references  to  the  supposed  fact  [2]  that  rhodanine 
does  not  oondense  with  acetone  in  the  presence  of  acids. 


During  our  work,  we  had  to  obtain  a  fairly  large  amount  of  dimethylthlo- 
pyruvic  acid.  It  appeared  of  interest  to  verify  the  possibility  of  the  synthesis 
of  this  acid  by  one  of  the  simplest  methods,  starting  from  isopropylidene  rhodan¬ 
ine: 


CH3\ 

A 

>C0  +  CH2“Sv 

CH3 

^C=C — s 

CH3  I  ^cs  — 

I  >cs  — ^ 

CO— NH 

60— NH 

(IV) 

CH3 

(V) 

\CH-0-C00K. 

CH3/  1 

C=C-COOH 

I 

SH 


The  preparation  of  the  isopropylidene  rhodanine  at  first  represented  the 
most  difficult  step,  seeing,  as  might  be  supposed  from  the  data  in  the  existing 
literature  that  the  condensation  of  the  rhodanine  with  acetone  could  not  take 
place.  However,  the  very  first  experiments  on  the  condensation  of  rhodanine 
with  acetone,  Ccirrled  out  in  the  presence  of  acetic  anhydride  and  dry  sodium 
acetate,  showed  that  the  condensation  took  place  to  form  the  desired  isoprojiyl- 
Idene  rhodanine,  but  because  of  the  considerable  tarring,  the  yield  of  the  prod¬ 
uct  of  reaction  was  low.  It  was  then  shovn  that  the  reaction  could  take  place 
without  tarring,  with  a  splendid  yield,  and  in  the  absence  of  acetic  anhydride, 
giving  an  extremely  pure  product.  The  sodium  acetate  can  be  replaced  by  several 


1 


drops  of  piperldire,  but  in  this  case  the  reaction  does  not  go  to  completion, 
and  the  isopropylidene  rhodanine  obtained  is  contaminated  with  the  original 
rhodanine . 

The  second  step,  the  splitting  of  the  Isopropylidene  rhodanine,  and  the 
isolation  of  dimethyl thiopyruvic  acid  (V),  offered  considerable  difficulty. 
Judging  from  the  data  in  the  literature  [3],  acids  of  type  (ill)  in  which  R  is 
an  alkyl  group,  are  oily  or  greasy  substances,  which  cannot  be  distilled  without 
decomposition.  As  a  consequence  of  this  fact,  up  to  the  present  time  not  a  sin¬ 
gle  aliphatic  a-thioacid  of  this  type  has  been  isolated  in  pure  form,  and  the 
formation  of  such  compounds  is  shown  only  by  means  of  qualitative  reactions. 

We  carried  out  the  cleavage  of  isopropylidene  rhodanine  under  various  con-’ 
ditions  with  caustic  soda  and  barium  hydroxide.  As  a  result  we  obtained  dimeth- 
ylthlopyruvic  acid  (in  the  enol  form,  a-mercaptodimethylacrylic  acid)  in  the 
form  of  an  almost  colorless  crystalline  substance  with  m.p.  78*5-T9’0®.  It  gave 
color  reactions  for  the  SH  group  (with  FeCla,  sodium  nltroprusside,  and  HNO2) 
and  was  titrated  quantitatively  with  iodine,  to  form  the  disulfide  (m.p.  19^®). 
When  it  was  boiled  with  an  alcoholic  solution  of  phenylhydrazlne,  the  phenyl- 
hydrazone  of  dimethylpyruvic  acid  was  obtained.  The  sulfur  was  easily  split  off, 
not  only  upon  boiling  with  phenylhydrazlne,  but  even  during  casual  .  recrystal¬ 
lization  from  water. 

In  all  the  experiments  described,  the  yield  did  not  exceed  55  bo  bas¬ 

ing  the  calculation  on  the  isopropylidene  rhodanine. 

EXPERIMENTAL 

Isopropylidene  rhodanine  (IV).  A  mixture  of  I6.25  g  of  rhodanine  [■♦],  70 
ml  of  acetone,  and  9  g  of  freshly  fused  sodium  acetate  was  heated  on  the  boiling 
water  bath  for  5*5  hours.  After  the  mixture  had  been  cooled,  it  was  poured  into 
cold  water.  The  yield  was  I8  g  (85^  of  the  theoretical).  After  recrystalllza- 
tion  from  acetic  acid  the  m.p.  was  197“* 

3.C2O  mg  substance:  4.658  mg  CO2;  I.O67  mg  H2O. 

5.788  mg  substance:  0.408  ml  Np  (19*5*’^  757-5  nun)  • 

Found  C  4l.88j  H  5-95;  K  8.01. 

CeHyONSp.  Computed  C  41.62;  H  4,01;  N  8.O9. 

Pure  isopropylidene  rhodanine  is  in  the  form  of  brownish  yellow  crystals; 
it  is  insoluble  in  water,  but  dissolves  easily  in  the  usual  organic  solvents. 

It  can  be  recrystallized  from  alcohol  or  acetone,  but  best  from  acetic  acid. 

For  purposes  of  purification,  we  can  also  utilize  solution  in  ammonia  or  other 
bases,  and  precipitation  with  acetic  acid. 

Dimethylthiopyruvic  acid  (V).  A  solution  of  5-5  g  isopropylidene  rho¬ 
danine  in  20  ml  of  15^  NaOH  (or  12  ml  of  25/()  NaOH)  was  heated  for  l/2  hour  on 
the  water  bath,  then  cooled,  and  acidified  with  dilute  HCl  until  it  was  acid  to 
Congo  red.  The  precipitate  formed  (O.85-O  95  g;  i-e.-  about  55^  theory)  was 
well  filtered  with  suction,  washed  slightly  with  cold  water,  and  recrystallized 
from  hot  water  to  which  activated  carbon  had  been  added.  For  the  purpose  of 
analysis,  the  compound  was  once  more  recrystallized  from  water.  It  was  in  the 
form  of  almost  colorless  needles,  m=p.  78.5-79.0®. 

A  similar  result  was  also  obtained  when  barium  hydroxide  was  used  in  place 
of  the  caustic  soda.  Ihe  yield  was  not  appreciably  increased  even  when  the 
filtrate  v:as  treated  with  ether.  After  the  removal  of  the  ether,  the  residue 
crystallized  upon  thorough  cooling. 
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U.O96  mg  substance:  6.78O  mg  CO2;  2.I58  mg  H2O. 

O.IIO5  g  substance:  O.I985  g  BaS04. 

5.229  mg  substance:  2.5O  ml  0.01  N  NaOH  (indicator  -  mixture 

of  methyl  red  and  methylene  blue) 

97*8  mg  substance:  7*32  ml  0.1  N  I2. 

Found  C  H  5.90j  S  24,66. 

Found:  M  I29.I,  153*6  (titration  with  alkali 
and  iodine). 

C5H8O2S.  Computed  C  45.5-  H  6.O6;  S  24.29;  M  132. 

Dimethylthlopyruvic  acid  dissolved  well  in  almost  all  organic  solvents, 
but  with  difficulty  in  cold  water.  With  sodium  nitroprusside  it  gave  a  red 
color;  with  FeCla  a  blue  color;  with  HNO2  [^]  a  green  color. 

The  disulfide  was  easily  obtained  by  titration  of  an  alcoholic  solution 
of  the  thloacid  with  iodine.  After  recrystallization  from  alcohol,  the  m.p.  was 

194® . 

3.957  mg  substance:  6,686  mg  CO2;  I.85I  mg  H2O. 

91.6  mg  substance:  6. 90  ml  0,1  N  NaOH. 

Found  C  46.05;  H  5,25;  M  265.5. 

C10H14O4S2.  Computed  C  45. 8O;  H  5*34;  M  262. 

The  phenylhydrazone  of  dimethylpyruvlc  acid.  0.2  g  of  dimethylthlopyruvic 
acid  and  O.3  g  of  phenylhydrazine  were  dissolved  in  3  ml  of  alcohol,  and  3  ml  of 
0.5  N  alcoholic  KOH  added.  The  solution  was  then  boiled  on  the  water  bath  for 
2  hours.  After  the  alcohol  had  been  driven  off,  the  residue  was  dissolved  in 
water,  treated  with  activated  carbon,  and  acidified  with  I.5  ml  of  1.0  N  HCl. 

The  precipitate  which  formed  was  recrystallized  twice  from  60^  methyl  alcohol; 

It  had  m.p.  133”* 

A  sample  obtained  from  phenylhydrazine  and  dimethylpyruvlc  acid  which  had 
been  synthesized  by  a  different  method  [e]  had  m.p.  134.5® •  A  mixed  test  gave 
m.p.  134®. 

•  4.448  mg  substance:  O.547  ml  N2  (26.5®,  729*5  mm). 

Found  N  13*43* 

C11E14O2N2.  Computed  N  I3.65, 

SlM“IAHy 

1.  It  has  been  shown  that  rhodanine  can  easily  be  condensed  with  acetone 
to  give  the  5-isopropylldene  derivative. 

2,  Dimethylthlopyruvic  acid,  the  first  Individual  representative  of  the 
aliphatic  thioketo  acids,  was  obtained  by  the  saponification  of  isopropylidene 
rhodanine. 
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The  synthesis  of  phenazine  derivatives  with  substituents  in  position  1  is 
of  considerable  interest  in  connection  with  the  fact  that  various  natural  pig¬ 
ments  which  are  obtained  from  bacteria,  and  possess  antibiotic  properties,  are 
compounds  of  this  nature. 


In  19^6  we  obtained  1-methoxyphenazine  by  the  condensation  of  o-nitroanis- 
ole  with  aniline  in  the  presence  of  powdered  caustic  potash  [1].  The  present 
work  is  continuation  of  this  investigation, 

■■iit 

•  By  condensing  o-nltjroanlsole  with  various  aromatic  amines  in  the  presence 
of  powdered  caustic  potash,  we  obtained  a  number  of  new  alkyl  and  alkoxy  deriva¬ 
tives  of  1-methoxyphenazine,  and  from  o-nitrophenetole  we  obtained  by  the  same 
method  1-ethoxyphenazine  and  its  alkyl  and  alkoxy  derivatives. 

We  caused  to  condense  with  o-nitroanisole  o-  and  p-toluidines,  o-  and  p- 
anlsid’fne's,''  and  o-  and  p-phenetidines,  and  thus  obtained  5  r^ew  derivatives  of  1- 
methoxyphenazine;  the  structure  and  properties  of  these  compounds  are  given  in 
Table  1. 

With  o-nitrophenetole  we  condensed  aniline,  b-  and  p-toluidines,  o-  and  p- 
anisidines,  and  o-  and  p-phenetldines .  The  compounds  obtained  by  these  reactions 
are  listed  in  Table  2. 

From  a  comparison  of  Tables  1  and  2  it  can  be  seen  that  the  yields  of  the 
phenazine  derivatives  which  we  investigated  are  increased  considerably  when  o- 
nltrophenetole  instead  of  o -nltroanisol e  is  made  to  condense  with  an  aromatic 
amine.  p-Phenetidine  is  an  exception  to  this  rule,  as  it  condenses  with  o-nitro- 
anisole  with  a  betteh  yield  than  with  o-nit-rophenetole. 


TABLE  1 


TABLE  2 


‘  EXPERLVffiNTAL 

The  synthesis  of  alkyl  and  alkoxy  derivatives  of  1-methoxy  and  1-ethoxy 
phenazines  was  carried  out  by  the  method  which  had  been  previously  described  by 
us  in  detail  [ ^ ] . 

Into  a  mixture  of  1  part  by  weight  of  o -nitroanisole  (or  o -nitrophenctole) 


and  1  part  by  weight  of  the  aroaiatic  amine,  there  were  gradually  sprinkled  U 
parts  by  weight  of  powdered  caustic  potash.  In  several  cases  where  the  tempera¬ 
ture  of  the  mixture  rose  to  70®,  the  outside  of  the  flask  was  cooled  with  a 
stream  of  water.  The  mixture  was  allowed  to  remain  at  room  temperature  for  3 
days.  Then  the  unreacted  nitro  compound  and  the  amine  were  distilled  off  with 
steam,  and  the  mass  which  remained  was  repeatedly  extracted  with  hot  20^  hydro¬ 
chloric  acid.  The  extracts  were  brought  together,  filtered,  boiled  with  animal 
charcoal,  and  again  filtered.  Upon  the  addition  of  dilute  ammonia  to  the  hot 
filtrate,  the  free  base  separated  in  the  form  of  a  grayish-green  or  yellow- 
brown,  amorphous-looking  precipitate.  The  unpurified  base  thus  obtained  was 
repreclpltated  3  times  with  ammonia  from  a  hot  solution  in  20^  hydrochloric 
acid.  After  this  preliminary  purification,  the  product  was  boiled  with  4  times 
its  weight  of  acetic  anhydride  (for  the  ethoxy  derivatives,  it  was  necessary  to 
take  2  or  3  times  the  weight)  for  5  hours.  We  performed  this  operation  in  order 
to  decompose  any  K-oxides  which  might  have  formed.  In  addition,  by  this  method 
it  was  possible  easily  to  get  rid  of  tarry  impurities.  After  -cooling,  the  main 
mass  of  the  substance  crystallized  from  the  acetic  anhydride.  The  precipitate 
was  filtered,  w-ashed  with  a  small  sunount  of  acetic  anhydride,  dissolved  In  20^ 
hydrochloric  acid,  again  filtered,  and  the  solution  again  precipitated  with  am¬ 
monia.  Usually,  at  this  time,  the  base  already  separated  out  in  the  form  of 
fine  needles.  After  the  treatment  with  acetic  anhydride,  the  mother  liquor  was 
treated  in  the  following  manner:  most  of  the  acetic  anhydride  was  distilled  off, 
and  the  residue  poured  into  20^  hydrochloric  acid.  The’  solution  in  acid  was 
filtered  from  impurities,  and  precipitated  with  ammonia.  The  precipitate  was 
filtered  off,  washed  with  water,  and  again  treated  with  a'etic  anhydride  as  in¬ 
dicated  above.  We  repealed  this  operation  5  or  4  times.  The  precipitates  ob¬ 
tained  as  a  result  of  similar  treatments  were  united,  and  the  preparation  was 
once  more  purified  by  means  of  2  crystallizations  from  ^0^  acetic  acid.  The 
1,5-diaikoxy  phenazines  could  be  purified  better  by  means  of  recrystallization 
from  acetic  anhydride,  or  by  2  crystallizations  from  alcohol. 

This  method  of  purification,  despite  some  awkwardness,  gave  completely 
pure  compounds . 

l-Methoxy-3-methylphenazine  (ll) .  For  this  reaction  we  used  25  g  of  o- 
nitroanisole,  25  g  of  o-toluidine,  and  100  g  of  caustic  potash.  The  yield  was 
0.62  g  (1.6^  based  on  the  o-nitroanisole) .  Long  yellow  needles  from  UO'jt 
acetic  acid;  m.p.  190® , 

Found  N  12.60,  12.58,"* 

C14H12ON2.  Computed  N  12,50. 

The  picrate  C14H12ON2' C6H3OVN3,  brownish-red  needles  from  alcohol,  m.p, 
179-^-79'^'  The  picrate  was  formed  after  a  mixture  of  1^  alcoholic  solutions  of 
the  components  had  been  allowed  to  stand  5  or  6  days.  Upon  storage,  the  picrate 
gradually  decomposed. 

Found  N  15.72. 

C20R15O8N5.  Computed  N  15,45, 

The  free  base  dissolved  easily  in  10^  hydrochloric  acid  to  give  a  red 
color,  forming  the  salt.  1 -Kethoxy-5 -methylphenazine  dissolved  easily  in  alco¬ 
hol,  ether,  and  chloroform.  The  solution  in  chloroform  had  a  green  fluorescence. 

l-Methoxy-7-nethylpher.azine  flll^ .  For  this  reaction  we  took  12,5  g  of 
o-nitroanisole ,  12.5  g  of  p-toluidine,  and  50  g  of  caustic  potash.  Yellow  needles 
from  acetic  acid,  m.p.  l82-l82.5°.  Yield  0.1  g  (0.5^  of  theory). 

Found  N  12.I+9• 

Cl4Hl20N2.  Computed  N  I2.5O, 

j. __ 

All  analyses  for  nitroren  were  carried  out  by  a  micro  metlicd. 

169'; 


The  compound  dissolved  in  concentrated  hydro chl:.-ric  acid  with  a  green 
color;  when  the  solution  was  diluted,  the  color  turned  red.  Its  salt  was  hyd¬ 
rolyzed  by  water  more  slowly  than  the  salt  of  the  preceding  compound.  The  solu¬ 
bility  in  organic  solvents  was  the  same  as  for  i-'methoxy-5-methylphenazine . 

1. 7- Dime thoxyphenazine  (iv).  12.5  g  of  o-nitroanisole,  12,5  g  of  p-anis- 

Idine,  and  5O  g  of  caustic  potash  were  mixed.  Long  yellow  needles  were  obtained 
from  40^  acetic  acid.  M.p.  I58® .  Yield  1,6  g  (8^  of  theory,  based  on  o-nitro- 
anisole). 

Found  N  11.46,  11. 63^ 

Ci4Hi202N2'  Computed  N  11.66. 

The  picrate,  Ci4Hi202N2’C6H30-7N3,  was  formed  at  once  when  warm  Vjo  solutions 
of  the  components  in  alcohol  were  poured  together.  Red  needles  from  benzene, 
m.p.  209**. 

Found  N  l4.71. 

C20H15O9N5.  Computed  N  14.92, 

1.7- Diciethcxyphenazine  dissolved  in  concentrated  hydrochloric  acid  with 
a  green  color,  which  turned  red  when  the  solution  was  diluted,  and  was  followed 
by  the • separation  of  the  free  base.  It  dissolved  in  alcohol,  ether,  and  chloro¬ 
form  . 

l-Methoxy-7-ethoxyphenazine  (v).  I5  g  of  o-nltrcanisole,  I5  g  of  p-phene- 
tldine,  and  60  g  of  caustic  potash  were  mixed  together.  Yellow  needles  were  ob¬ 
tained  from  40^  acetic  acid,  m.p.  I88® .  Yield  2,5  g  (10^  based  on  the  o-nlrro- 
anlsole) . 

Found  N  10,82,  11.03, 

C15H14O2N2.  Computed  N  11,03. 

The  picrate,  C15H14O2N2* C6H3O7N3,  was  formed  at  once  under  the  same  con¬ 
ditions  as  the  picrate  of  base  (III).  It  was  in  the  form  of  light  red  needles 
or  platelets  from  benzene,  m.p.  219*’. 

Found  N  14.26. 

•C21H17O9N5.  Computed  N  14.49, 

When  the  base  was  dissolved  in  hydrochloric  acid,  the  same  phenomena  were 
observed  as  in  the  case  of  1,7-ciimethoxyphenazine , 

1,5-Dimethoxyphenazlne  (Vl).  For  this  reaction  we  took  25  g  of  o-nltro- 
anlsole,  25  g  of  o-anisldine,  and  100  g  of  caustic  potash.  Long  shining  yellow 
needles  were  obtained  from  acetic  anhydride,  m.p.  250°.  The  yield  was  2  to  2.25 
g  (5  to  6  ^  of  theory) .  • 

Found  N  11.72,  11.53. 

Ci4Hi202N2-  Computed  N  11.66. 

The  base  dissolved  in  concentrated  hydrochloric  acid  with  a  red  color. 

Its  salt  was  more  easily  hydrolyzed  than  the  salts  of  the  bases  described  above. 

When  equimolecular  solutions  of  the  base  and  of  picric  acid  were  boiled 
in  alcohol,  the  picrate  vras  not  formed.  1,5 -Diniethoxyphenazinc  dissolved  with 
more  difficulty  in  alcohol,  ether,  and  chloroform  than  the  compounds  previously 
described. 

l-Methox7,''-5-ethQxyptienaz  ine  fvil) .  The  compound  was  obtained  by  two 
methods . 

1.  6.2  g  of  o-nitroanisole,  6.2  g  of  o-phcnetidine,  and  25  g  of  caustic 
potash  were  mixed.  Yellow  needles  were  obtained  from  alcohol,  m,p,  179*' •  Yield 
C.25  g  (2.5^  based  on  the  o-nitroanisole). 


Found  N  II.03. 

C15H12O2N2.  Computed  N  11,03 . 

Upon  solution  in  concentrated  hydrochloric  acid,  the  same  properties  were 
shown  as  for  l,5-<ii3iethoxyphenazine. 

2.  5.^  g  of  o-nitrophenetole,  5*^  6  o-anisidine,  and  22  g  of  caustic 
potash  were  mixed.  The  yield  was  0.92  g  (11.2^  based  on  the  o-nitrophenetole). 
M.p.  179®.  When  this  preparation  was  mixed  with  the  compound  obtained  by  the 
first  method,  there  was  no  depression  of  the  melting  point. 

Found  N  IO.89. 

C15H14O2N2.  Computed  N  II.03.  •  * 

1-Ethoxyphenazine  (VIIl).  20  g  of  o-nitrophenetole,  20  g  of  aniline,  and 
80  g  of  caustic  potash  were  mixed.  3*7  S  1-ethoxyphenazine  was  obtained  (13.3^ 
of  theory  based  on  the  o-nitrophenetole).  Fine  yellow  crystals  were  obtained 
from  40^  acetic  acid,  followe^d  by  recrystallization  from  alcohol.  M.p.  I30® . 

Found  N  12.63,  12.68. 

C14H12ON2.  Computed  N  I2.5O. 

The  picrate,  Ci4Hi20N2'‘C6H307N3,  was  easily  formed  by  pouring  together 
equimolecular  quantities  of  1^  alcoholic  solutions  of  the  components.  Fine, 
brick-red  needles  crystallized  from  alcohol,  m.p.  195**  • 

Found  N  l4.95* 

C2oHi50eN5.  Computed  N  15.^5*  •  ' 

In  its  physical  and  chemical  properties,  1-ethoxyphenazine  is  very  similar 
to  1-methoxyphenazine.  It  is  better  soluble  in  organic  solvents  than  is  1-meth- 
oxyphenazine.  ‘  ' 

l-Ethoxy-3-methylphenazine  (IX).  The  interaction  of  5  6  of  o-nitrophene- 
tole,  5  S  of  o-toluidine,  and  20  g  of  caustic  potash  gave  O.6I  g  (8-. 5^,  based  on 
the  o-nitrophenetole).  Long,  shining,  yellow  needels  were  obtained  from 
acetic  acid,  m.p.  161.5-162.5**  • 

Found  N  11. 80,  11. 55. 

C15H1  4ON2.  Computed  N  II.76. 

The  picrate,  C15H14ON2 ' C6H3O7N,  was  obtained. in  a  manner  similar  to  the 
picrate  of  (II;.  It  was  in  the  form  of  red  needles  from  alcohol,  m.p.  171<=°* 

Found  N  14,L5.  . 

C21H17O0N5.  Computed  N  14.99* 

l-Ethoxy-7-methylphenazlne  (X) .  ]0  g  of  o-nitrophenetole,  10  g  of  p-tol- 

uidine,  and  40  g  of  caustic  potash  were  mixed  to  give  O.3  g  of  product  (2.1^ 
based  on  the  o-nitrophenetole).  Long  needles  from  56^  alcohol,  m.p.  141-141.5° 

'Found  %.  N  11.59,  11.75. 

C15H14ON2.  Computed  N  11. 76.. 

The  picrate,  C15H14ON2 ‘ C^H307N3 ,  was  easily  formed  by  pouring  together 
equimolecular  solutions  of  the  components  in  alcohol-  Red  needles,  m.p.  197° 

(with  decomposition). 

Found  N  I5  21. 

C2iHi70aN5.  Computed  N  14.99’ 

l-Ethoxy-7-methoxyphenazine  (XI^.  For  this  reaction,  we  took  25  g  of  o- 
nitrophene cole,  25  g  of  o-anisidine,  and  100  g  of  caustic  potash.  Yellow  needles 
were  obtained  from  40^  acetic  acia.  M.p.  139°.  We  obtained  5.92  g  (15.5^  of 


theory,  based  on  the  o-nitrophenetole) . 

Found  N  11.20,  10.86. 

C15H14O2N2.  Coaputed  N  II.03. 

The  plcrate,  Ci5Hi402N2’CeK307-N3,  was  easily  obtained  in  a  manner  similar 
to  the  plcrate  of  (XIl).  Red  needles  from  benzene,  m,p.  2l8® . 

Found  N  li^,67. 

C2i.Hi70gN5.  Computed  N  1^.49. 

1,7-Diethoxyphenazine  ^XIl).  11  g  of  o-nitrophenetole,  11  g  of  p-ph^netl- 
dlne,  and  44  g  of  caustic  potash  gave  0,6  g  of  1,7-diethoxyphenazine  (3-4^  based 
on  the  o-nitrophentole) .  Yellow  needles  were  obtained  from  40^  acetic  acid,  fol 
lowed  by  recrystallization  from  50^  alcohol.  M.p.  135*’* 

Found  i>:  N  10,68^  10,76. 

Ci6Hi602N2.  Computed  N  10.45. 

The  plcrate,  Ci6Hi602N2’C6H507N3,  was  obtained  in  a  manner  similar  to  the 
preceding.  Red  leaves  from  benzene,  m.p.  189“ 

Found  N  13.76.  ' 

02231909^5*  Computed  N  l4.08. 

1 .5- Dlethoxyphenazine  ^XIIl).  10  g  of  o-nitrophenetole,  10  g  of  o-phene- 
tldlne,  and  40  g  of  caustic  potash  were  used.  Long,  yellow  needles  or  octahedra 
were  obtained  from  acetic  anhydride.  M.p,  190°.  Yield  1,43  g  (8.9^  based  on 
the  o-nitrophenetole) . 

Found  N  10. 65,  10.47. 

C16H16O2N2.  Computed  N  10,45. 

1.5- Dimethoxy-  (Vl)  and  1,5-diethoxyphenazlnes  (XIIl)  were  first  obtained 
by  Malavlja  and  Dutt  [2]  by  the  action  of  the  tropical  sun  on  a  2^  solution  of 
o-anisldine  and  o-phenetidine  in  hydrochloric  acid;  however,  these  authors  do 
not  give  analyses,  or  the  melting  points,  of  the  compounds  they  obtained. 

The  author  expresses  his  profound  thanks  to  Prof.  A. I.Klprianov  for  his 
valuable  guidance  in  this  work, 

SUMMARY 

1.  By  condensing  o-nitroanisole  with  various  aromatic  amines  in  the  pres¬ 
ence  of  powdered  caustic  potash,  the  following  derivatives .of  1-methoxyphena- 
zine  have  been  obtained.  l-methoxy-5-methylpP.enazine,  l-methoxy-7-niethylphena- 
zine,  1,5-dimethoxyphenazine,  1,7'dimethoxyphenazine,  l-methoxy-7-ethoxyphena- 
zine,  and  l-methoxy-5-ethox>'phenazine. 

2,  Similarly,  from  o-nitrophenetole  and  various  aromatic  amines,  there 
were  obtained:  l-ethoxy-5-methylphenazine,  l-ethoxy-7-methylphenazine,  1,5-di- 

-  ethoxyphenazine,  1,7-diethoxyphenazine,  } -ethoxy-7-inethoxyphenazine,  1-eth- 
oxy-5-inethoxyphenazine,  and  1-ethoxyphenazine , 
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It  has  been  shown  recently  that  carboxylic  acids  can  be  converted  into 
their  amides  by  the  action  of  sulfamide  in  a  solution  of  pyridine  [^]> 

In  order  to  shed  some  light  experimentally  on  the  mechanism  of  the  amid- 
ation  of  carboxylic  acids  by  sulfamide,  it  was  necessary  to  explain  whether 
the  amides  of  the  acids  were  formed  "directly"  in  the  reaction  mixture,  or  whet¬ 
her,  perhaps,  their  formation  was  preceded  by  the  formation  of  a  relatively  sta¬ 
ble  Intermediate  product  (of  the  type  of  RCONKSO2ONH4 ,  for  example,  that  is  a 
salt  of  the  acylated  sulfarainic  acid),  which  split  up  to  give  the  amide  of  the 
carboxylic  acid  only  during  the  process  of  further  treatment  of  the  reaction  mix¬ 
ture  by  the  action  of  water  or  other  reagents.  No  less  fundamental  was  the  ques¬ 
tion  whether  the  sulfamide  itself  reacted  with  the  carboxylic  acid  as  such,  or 
whether  the  sulfamide  was  first,  by  the  action  of  the  pyridine,  converted  into 
other  compounds,  which  were  also  araidating  agents.  In  addition,  it  was  necessary 
to  explain  whether  the  sulfamide  formed  any  stable  compounds  with  the  pyridine, 
which  might  possibly  be  isolated  as  individual  substances. 

In  order  to  get  an  answer  to  these  questions,  we  carried  out  experiments 
on  the  extraction  of  the  amide  of  the  carboxylic  acid  from  the  reaction  mixture 
with  neutral  solvents,  which  could  not  cause  the  splitting  up  of  the  intermediate 
product,  if  one  w^as  formed,  and  we  began  a  more  detailed  study  of  the  reaction  of 
sulfamide  with  pyridine.  It  appeared  that  the  amides  of  carboxylic  acids  existed 
in  the  post-reaction  mixture  as  such,  and  could  be  directly  extracted  with  ab¬ 
solute  ether  from  the  dry  residue  after  the  evaporation  of  the  pyridine  in  vacuum. 

Thus,  we  could  consider  it  as  demonstrated,  that  the  araidation  of  carboxy¬ 
lic  acids  with  sulfamide  in  pyridine  solution  produced  the  amides  of  the  carboxy¬ 
lic  acids,  and  not  some  sort  of  derivatives  of  theirs,  which  split  up  to  give  the 
amides  during  further  treatment  of  the  reaction  mixture. 

We  were  unable  to  isolate  any  products  of  the  addition  of  sulfamide  to  pyri¬ 
dine  as  stable,  individual  compounds.  However,  there  is  no  doubt  whatever  that 
unstable  intermediate  addition  products  of  sulfamide  and  pyridine  are  very  easily 
formed,  as  sulfamide,  even  at  the  temperature  of  the  water  bath,  reacts  with  pyri¬ 
dine  with  fairly  great  speed.  After  5  hours  of  heating  up  to  100°,  or  30  minutes 
of  heating  at  the  boiling  point  of  pyridine,  there  remains  from  5  to  10^  of  cn- 
changed  sulfamide  in  the  reaction  mixture.  After  9  hours  of  heating  on  the  boil¬ 
ing  water  bath,  the  reaction  mixture  contains  only  1^  of  unchanged  sulfamide,  and 
all  the  rest  of  the  sulfamide  has  been  practically  quantitatively  converted  into 
a  colorless  syrupy  substance,  which  is  Insoluble  in  pyi'idine,  and  easily  soluble 


in  water  with  a  neutral  reaction.  It  Is  Insoluble  in  ether  and  acetone,  and 
has  the  same  elementary  composition  and  the  same  molecular  weight  (cryoscoplc- 
ally,  in  water)  as  sulfamide  itself,  l.e.,  it  is  an  isomer  of  sulfamide,  or  a 
dimer,  if  this  compound  splits  into  two  ions  in  aqueous  solution.  The  weight 
of  this  substance,  added  to  the  weight  of  the  unchanged  sulfamide,  is  equal, 
with  an  accuracy  up  to  1^,  to  the  weight  of  the  sulfamide  used  for  the  reaction. 

If  the  reaction  of  the  sulfamide  and  the  pyridine  is  carried  out  under 
ordinary  conditions,  using  "absolute"  pyridine,  and  "completely  dry"  sulfamide, 
we  can  observe  the  evolution  of  a  small  amount  of  ammonia.  If,  however,  we  take 
special  precautionary  measures  against  the  entrance*  of  moisture  into  the  reaction 
mixture,  the  formation  of  a  definite -amount  of  ammonia  can  no  longer  be  observed, 
although  a  qualitative  reaction  for  ammonia  can  be  obtained.  Upon  the  addition 
of  water  to  the  reaction  mixture,  an  equivalent  amount  of  ammonia  is  evolved, 
and  the  reaction  takes  place  in  another  direction. 

All  these  data  testify  to  the  fact  that  although,  under  the  influence  of 
pyridine,  sulfamide  does  not  form  stable  intermediate  products  with  the  latter, 
it  is  converted  into  a  syrupy  substance,  this  conversion  taking  place  easily  to 
the  extent  of  90  to  95'^'  under  mild  conditions.  In  order  to  establish  what' the 
amidating  agent  is,  sulfamide  or  the  syrupy  substance,  we  arranged  comparative  • 
amidation  experiments  for  p-nitrobenzoic  acid  with  these  two  substances. 

The  amidation  of  p-nitrobenzoic  acid  with  the  theoretical  amount  of  sulf¬ 
amide  (molecule  for  molecule)  under  the  usual  conditions  gives  90^  of  the  theorl 
etical  yield  of  p-nitrobenzamide .  If  a  mixture>of  0.01  mole  (O.96  g)  of  sulfam¬ 
ide  and. 5  ml  of  dry  pyridine  is  heated  on  the  boiling  water  bath  for  3  hours, 

and  0.01  mole  (I.67  g)  of  p-nitrobenzoic  acid  is  then  added  and  the  mixture  is 

again  heated  for  3  hours  on  the  water  bath,  only  of  the  theoretical  yield 
of  p-nitrobenzamide  is  then  formed,  and  49^  of  the  p-nltrobenzoic  acid  used  is 
recovered  unchanged. 

When  the  experiment  is  carried  out  under  the  same  conditions,  but  with 
double  the  amount  of  sulfamide,  i.e.,  with  0.02  poles  of  sulfamide  per  0.01  mole 
of  p-nltrobenzoic  acid,  98^  of  the  theoretical  amount  of  p-nltrobenzamlde  is 
obtained.  These  experiments  quite  unconditionally  show  that  both  sulfamide  and 
the  syrupy  substance  are  amidating  agents,  but  that  the  ^activity  of  the  syrupy 
substance  per  unit  of  weight  is  half  that  of  the  sulfamide. 

If  only  the  syrupy  substance  were  an  amidating  agent,  then  the  action  of 

1  mole  of  sulfamide  per  1  mole  of  p-nitrobenzoic  acid  could  not  give  more  than 

0.5  mole  of  p-nitrobenzamide,  while  in  actuality  O.9  pole  is  obtained. 

Thus,  when  a  mixture  of  sulfamide,  pyridine,  and  a  carboxylic  acid  is 
heated,  at  least  three  reactions  take  place:  l)  the  amidation  of  the  carboxylic^ 
acid  by  sulfamide,  2)  the  conversion  of  the  sulfamide  into  a  syrupy  substance, 
and  3)  the  amidation  of  the  carboxylic  acid  by  the  syrupy  substance.  If  the 
velocity  of  the  first  reaction  considerably  exceeds  the  velocity  of  the  second, 
then  obviously,  for  the  amidation  of  each  molecule  of  the  carboxylic  acid  it 
will  be  sufficient  to  use  only  a  single  molecule  of  sulfamide  (the  case  of  p- 
nltrobenzoic  and  p-chlorobenzoic  acids,  etc.).  If,  however,  the  velocity  of 
the  second  reaction  is  comparable  to  the  velocity  of  the  first,  then  for  the 
preparation  of  good  yields,  a  considerable  excess  of  sulfamide  is  required,  up 
to  t  'o  molecules  per  molecule  of  carboxylic  acid  (benzoic  acid,  palml'ticr  acid, 
etc.),  as  the  sulfamide,  by  its  conversion  into  the  syrupy  substance,  loses 
half  of  its  "amidating  power".  ^ 

What  is  the  nature  of  the  syrupy  substance  ? 

It  has  been  Indicated  above  that  the  molecular  weight  of  the  syrupy  subs- 
tanccj  determined  cryoscqplcallvj  in  aqueous  solution,  equals  the  molecular 


weight  of  the  sulfanide.  However,  this  conclusion  can  be  correct  only  provided 
that  the  syrupy  substan<-e  does  not  dissociate  in  aqueous  solution.  If  the 
syrupy  substance  dissociates  practically  completely  in  dilute  aqueous  solutions 
into  two  ions,  then  its  molecular  weight  is  twice  as  great-  as  the  molecular 
weight  of  the  su''famide,  that  is,  t^he  syrupy  substance  is  a  dimer  of  the  sulf- 
amlde.  This  hypothesis  is  confirmed  by  the  fact  that  when  the  syrupy  substance 
Is  added  to  a  con'entrated  solution  of  caustic  potash,  even  in  the  cold,  there 
is  an  energetic  evolution  of  ammonia,  and  when  the  ammonia  is  determined  quan-- 
tltatively  by  distillation  with  caustic  potash,  during  the  first  three  minutes 
the  amount  of  ammonia  which  is  driven  off  c-orresponds  to  29^  of  the  total  con¬ 
tent  of  nitrogen,  while  in  an  hour,  the  amount  of  ammonia  corresponds  to  53^  of 
the  total  nitrogen  content,  and  in  6  hours  to  59*)^  of  the  total  nitrogen  content. 
It  is  lmj)Ossible  to  obtain  all  the  nitrogen  in  the  form  of  ammonia  by  boiling 
with  alkali.  Tnese  facts  Indicate  that  one  r.f  the  four  nitrogen  atoms  apparently 
enters  an  ammonium  Ion,  a  second  is  in  a  form  easily  hydrolyzed  by  alkalies,  and 
the  other  two  atoms  cf  nitrogen  are  not  hydrolyzed  by  alkali  to  give  ammonia. 

In  considering  all  these  data,  and  deciding  on  a  working  hypothesis,  we 
assumed  that  the  syrupy  substance  was  an  ammcniacal  salt  of  imidosulf amide, 
l.e.,  a  ’•  sulfur-analog’’  of  biuret,  with  the  structure: 

NH2S02N‘(NH4r)S02NHp  or  NH2SO2N -S00‘(NH4^)NH2. 

This  assumption  was  completely  confirmed  by  further  experiments  (see  below,  and 
the  following  paper). 

Thus,  the  action  of  pyridine  on  sulfamide ,  at  the  temperature  of  the  boil¬ 
ing  water  bath,  easily  results  in  the  reaction: 

NH2SO2NK2  NKPSO2NH2  — [NH2S02NS02NH2]"rm4". 

Up  to  the  present  time,  very  little  has  been  known  [^J  about  imidosulfam- 
ide.  Judging  from  the  international  chemical  literature,  Kantzsc:Te~alone  had t 
free  imidosulfamide  in  his  possess! 'r..  He  cb‘’‘ained  it  by  the  decompositi"n  of 
the  silver  salt  of  a  cyclic  trl’sul f imide  with  hydrogen  sulfide,  'r,  better, 
anhydrous  hydrocyanic  acid.  The  yield  of  imidosulfamide  from  the  silver  salt  in 
the  best  case  ^and  only  oncel)  that  Eantzsche  found  was  5^  "the  weigh'’  of  the 
silver  salt;  usually  it  was  much  less,  and  it  became  negligible  i^  tra^'es  of 
moisture  from  the  surrounding  environment  got  into  the  reaction  mixture-  We 
must  add  to  this  the  observation  that  the  silver  salt  'f  trisulf imide  is  extrem¬ 
ely  inaccessible.  It  is  obtained  from  the  products  of  the  rea'ticn  of  sulfuryl 
chloride  and  ammonia;  rr  from  the  products  of  the  thermal  decompositicn  of  sulf- 
amide,  in  very  small  yields,  as  the  result  of  tedious  and  difficult  w-crk. 

.According  to  Hantzsche-s  description,  imidosulfamide  is  a  '‘olcrlcss,  crys¬ 
talline  compound,  which  melts  in  p':re  form  a'’'  I68",  and  is  soluble  without 
leaving  a  residue  in  absolute  ether;  it  is  also  easily  sclucie  in  ethyl  a^'etate. 
When  it  is  dissolved  in  water,  even  a'’"  0°,  imidosulfamide  is  at  once  hydrolyzed 
to  give  sulfamide  and  sulfamini;  a'*  id  ,  a  fa't  which  explains  ‘  in  Hant^sche-’s 
opinion)  the  acid  reaction  of  aqueous  solutions  of  imidosulfamide. 

Of  imidosulfamide  derivatives,  only  the  colorless  silver  salt  has  been 
^described  in  detail.  It  crystallizes  with  ere  and  a  half  molecules  of  wa'^'er  in. 
the  form  of  rhembohedra  ■which  are  as  transparent  as  water,  and  has  a  second 
modification  of  a  gray  roi  which  crys'^all izes  with  two  mole'ules  cf  water  in 
the  form  cf  aggregatciS  like  ”  cockscombs 'h  The  second  raodif  1  ca'^  ion  .  a' 'oriing 
to  Hantz sche ' 3  paper,  was  obtained  only  a  few  times,  and  he  himself  was  In  some 
doubt  of  its  actual  existence  as  an  individual  cempeund,  expr-iS.si- g  f'e  assump¬ 
tion  that  ''certain  peculiarities  In  the  prcpertl-3S  cf  the  gra^*  silver  salt  of 
iiiiidosulfamlde  (its  behavior  vltn  regard  ■’o  itie-i  with  srdi'im  chloride) 
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might  be  caused  by  some  sort  of  impurities".  Hantzsche  could  not  carry  out  a 
more  detailed  Investigation  because  of  the  small  amount  of  substance  at  his 
disposal. 

The  ammonium  salt,  and  the  addition  products  of  ammonia  to  the  ammonium 
salt,  have  been  very  superficially  described.  The  melting  point  is  given  (ll7“) 
for  the  ammonium  salt  of  Imidosul famide,  but  from  the  text  it  is  impossible  to 
understand  which  compound  melted  at  this  temperature,  the  monoammonium  s^lt  or 
the  latter's  compound  with  ammonia.  On  the  basis  of  indirect  experiments  on 
the  velocity  of  evolution  of  ammonia  upon  boiling,  Hantzsche  claimed  that  the 
alkaline  salts  of  Imidosulfamlde  existed  in  aqueous  solution,  but  he  did  not 
isolate  even  a  single  salt,  as  such. 

Ephraim  and  his  coworkers  [3]  in  their  papers  claimed  that  imidosulfamlde 
was  formed  by  the  action  of  sulfuryl  chloride  on  an  excess  of  liquid  anhydrous 
ammonia,  and  also  by  the  action  of  liquid  ammonia  on  the  reaction  product  of 
sulfaminlc  acid  and  thlonyl  chloride.  In  one  of  these  papers,  in  the  general 
section  [4],  it  is  even  asserted  that  under  definite  conditions,  particularly 
during  the  action  of  sulfury]  .chloride  on  liquid  ammonia,  almost  piu-e  Imido- 
sulfamide  is  formed.  However,  all  these  claims  of  Ephraim  and  his  coworkers  are 
based  only  on  indirect  data,  that  is,  on  analyses  of  uncrystallized  silver  salts 
which  contained  variable  amounts  (tens  of  molecules!)  of  water  of  crystalliza¬ 
tion,  and  whose  individual  nature  was  not  demonstrated  in  the  slightest  degree. 
These  indirect  data  permit  the  most  varied  interpretations  and  the  drawing  of 
the  most  varied  conclusions,  and  for  this  reason  scarcely  deserve  consideration. 

Ephraim  and  his  coworkers  do  not  describe  or  adduce  a  single  individual 
substance  which  would  confirm  their  suppositions,  or  any  facts  which  could  lead 
strictly  to  unambiguous  conclusions  with  regard  to  the  properties  of  imldcsulf- 
amlde. 

In  this  general  review  of  world  chemical  literature  it  appears  that  des¬ 
pite  the  simplicity  of  composition  and  the  great  theoretical  Interest  of  Imido- 
sulfamide,  up  to  the  present  time  very  few  verified  facts  are  known  about  the 
j)roperties  of  this  compound,  and  that  this  is  to  be  explained  primarily  by  the 
difficult  :  accessibility  of  imidosulfamide.  Therefore,  the  development  of  a 
new  method  for  the  preparation  of  Imidosulfamide  which  permits  the  production 
of  this  intei^esting  substance  in  reasonable  amounts  is  of  great  theoretical  in¬ 
terest  and  permits  us  to  look  forward  not  only  to  the  study  of  the  chemistry  of 
imidosulfamide,  but  also  to  the  synthesis  and  study  of  a  new  class  of  organic 
compounds,  the  imidosulfamlde  derivatives. 

For  an  experimental  confirmation  of  the  working  hypothesis  to  the  effect 
that  the  ''•syrupy  substance'*  was  actually  the  ammcnium  salt  of  Imidosulfamide, 
we  set  up  two  series  of  experiments  on  t'ne  transformation  of  the  ammonium  salt 
into  the  silver  salt,  and  on  the  hydrolysis  of  the  ammonium  salt. 

If  the  ammonium  salt  of  imidosulfamide  is  boiled  in  an  aqueous  solution 
with  a  reflux  condenser,  a  small  amount  of  ammohla  is  evolved,  and  the  solution 
becomes  acid  to  Congo  red.  After  the  proper  treatment,  95^  of  the  theoretical 
amount  of  sulf amide  and  69^  of  the  theoretical  amount  of  sulfaminlc  acid  was 
obtained  from  the  solution.  In  a  special  experiment  it  was  found  that  when 
this  method  of  preparation  was  used,  26^  of  the  sulfaminlc  acid  remained  in  the* 
mother  liquor,  i.e,,  that  the  true  yield  of  sulfaminlc  acid  amou.ited  to  95'5^  of 
the  theoretical.  These  data  testify  to  the  fact  that  the  ''syrupy  substance^ 
was  actually  the  ammonium  salt  of  imidosulfamide  (or  contained  it  in  large  am  • 
Dunt),  and  that  its  hydrolysis  took  place  according  to  the  overall  equation! 

NH2S02N(irH4)S0^NHp  NH2SO2CNH4  +  NH2S02i^H2. 


The  acid  reaction  of  the  solution  was  doubtless  the  result  of  the  partial 
hydrolysis  either  of  the  ammoniuni  sulfaminate  or  of  the  anmonlum  salt  of  the 
Im  1  do sulf amide.  In  which  there  Is  nothing  surprising,  as  even  ammonium  sulfate 
slowly  splits  off  ammonia  when  it  Is  boiled  in  aqueous  solution.  It  is  most 
probable  that  the  ammonium  salt  of  the  Imidosulfamide  is  first  subjected  to 
partial  hydrolysis,  and  that  the  free  Imidosulfamide  formed  immediately  decom¬ 
poses  according  to  the  mechanism: 

f 

RH2S02N(NH4)S02NH2  — ^  NH3  +  NH2S02NHS02NK2j 
NH2SO2NHSO2NH2  +  H2O  — NH2SO2OH  +  NH2SO2NH2. 

The  free  sulfamlnic  acid  formed  displaces  the  imidosulfamide  from  its 
salt,  and  the  free  imidosulfamide  obtained  hydrolyzes,  etc,,  until  the  entire 
amount  of  salt  is  converted  into  a  mixture  of  sulfamide,  the  ammonium  salt  of 
sulfamlnic  acid,  and  a  small  amount  of  free  sulfamlnic  acid,  according  to  the 
mechanism: 

NH2SO2OH  +  NH2S02N(NH4)S02NH2  NH2SO2ONH4  +  NH2SO2NHSO2NH25 
NH2SO2NHSO2NH2  +  H2O  — ►  NH2SO2OH  +  NH2S02NH2‘ 

etc. 

In  order  to  transform  it  into  the  silver  salt,  the  ammonium  salt  was 
treated  in  aqueous  solution  with  silver  nitrate.  This  gave  the  silver  salt  of 
imidosulfamide,  which  crystallized  wellj  it  was  obtained  in  a  yield  of  about 
70^  of  the  theoretical  and  it  was  determined  that  at  least  two  more  silver salts 
were  formed,  which  were  not  Investigated  more  closely. 

The  silver  salt  of  imidosulfamide  was  very  soluble  in  boiling  water,  sol¬ 
uble  with  difficulty  in  cold  (at  20°,  about  1  part  in  II5O  parts  of  water),  and 
Insoluble  in  organic  solvents.  From  hot  dilute  aqueous  solutions  the  salts 
crystallized  out  in  rhombohedra  as  transparent  as  water,  and  from  more  concen¬ 
trated  solutions  in  the  form  of  prism  aggregates  of  the  •' cockscomb"  type.  These 
data  correspond  to  Hantzsche's  descriptions.  However,  both  "modifications'*  have 
the  same  melting  point,  although  it  is  not  a  very  sharp  one,  and  both  contain 
two  molecules  of  water  of  crystallization.  If  the  transparent  rhombohedra  are 
recrystallized  from  a  comparatively  concentrated  solution,  crystals  of  the 
"cockscomb"  type  are  obtained,  and  on  the  other  hand,  when  crystals  of  the 
"cockscomb*  type  are  recrystallized  from  dilute  solutions,  the  transparent 
rhombohedra  are  obtained.  In  several  cases,  when  a  solution  was  "sufficiently 
concentrated",  the  "cockscomb"  crystals  precipitated,  and  then,  as  the  tempera¬ 
ture  was  lowered  to  that  of  the  room,  in  the  course  of  two  or  three  days  the 
shining,  transparent,  individual  rhombohedra  began  to  precipitate,  so  that  on 
the  bottom  of  a  single  flask  there  might  be  seen  all  the  transitional  forms  from 
the  typical  '’cockscomb'*  to  the  typical  transparent  rhembehedra Consequently, 
the  Individual  transparent  rhombohedra  were  formed  during  very  slow  crystalliza¬ 
tion,  and  more  rapid  crystallization  gave  the  "cockscombs'*. 

Thus,  apparently,  two  modifications  of  the  silver  salt  of  imidosulfamide 
do  not  exist,  and  the  "difference*'*  between  the  forms  of  crystallization  of  the 
"rhombohedra"  and  the  '’cockscombs''  in  this  case  is  not  a  crystallographic  dif¬ 
ference,  and  is  determined  by  the  different  combinations  of  a  single  crystallo¬ 
graphic  form  into  externally  different -looking  aggregates,  depending  on  tlie 
concentration  of  the  solution  and  the  velocity  of  crystallization. 

It  was  likewise  impossible  to  obtain  the  silver  salt  witli  one  ai(d  a  half 
molecules  of  water  of  crystallization  under  any  conditions  of  crystallization 
whatsoever,  although  the  determinations  of  the  water  content  were  carried  out 
teTTS  of  times,  with  tens  of  different  samples  of  the  salt.  Drying  was  carried 


out  in  a  vacuum  at  a  temperature  of  40  to  50“ ^  and  only  at  the  end  at  100®.  It 
is  very  possible  that  the  erroneous  data  of  Hantzsche  are  to  be  explained  by 
the  small  Eunouht  of  material  he  had  in  his  possession  (Hantzsche  carried  out 
the  determination  of  water  only  on  a  single  sample  of  0.1519  g)  and  also  by  the 
fact  that  drying  was  carried  out  at  100®  at  atmospheric  pressure,  which  on  the 
one  hand  makes  difficult  the  complete  removal  of  moisture,  and  on  the  other  can 
favor  the  practical;  hydrolysis  of  the  substance  and  therefore  the  slow  removal 
of  the  water  of  crystallization  at  a  comparatively  high  temperature. 

The  elementary  composition  of  the  silver  salt  of  Imldosulfamlde  with  re¬ 
gard  to  water  content,  silver,  nitrogen,  and  sulfur,  corresponds  to  the  formula: 

NHsSOsNAgSOsNHs  *  SHgO , 

but  it  appears  more  probable  that -the  structure  of  the  salt  corresponds  tor 
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as  the  action  of  solutions  of  caustic  alkali,  even  during  boiling,  does  not  give 
silver  oxide,  but  causes  the  formation  of  a  colorless  gelatinous  precipitate 
whose  nature  has  not  yet  been  investigated. 

Several  times  when  the  recrystallized  hydrated  silver  salt  was  heated  slow 
ly  in  a  capillary  it  melted  at  195-197“  (uncorrected)  to  give  a  semi-transparent 
semi-liquid  mass  with  a  milky  white  color.  The  anhydrous  silver  salt  melted  at 
198-199“^  and  was  also  converted  into  a  milky  white,  non-transparent,  semi- 
liquid  mass.  Less  pure  samples  melted  at  190-194®,  and  were  converted  into  a' 
non-transparent,  brownish,  semi-liquid  mass.  •  ‘  . 

As  further  confirmation  of  the  nature  of  the  syrupy  substance  as  the  am¬ 
monium  salt  of  imidosulfamide  there  .was  its  behavior  with  alkali  upon  boiling 
(see  above).  The  first  quarter  of  the  ammonia  was  very  quickly  evolved  as  a  re¬ 
sult  of  the  decomposition  of  the  ammonium  salt.  After  this,  the  hydrolysis  of 
the  imidosulfamide  took  place,  and  there  remained  in  the  solution  sulfaralnic 
acid,  in  the  form  of  its  salt,  and  sulfamide,  which  also  hydrolyzed  fairly  rapid 
ly  in  alkaline  solution  upon  boiling,  according  to  Hantzsche 's  data,  in  accord¬ 
ance  with  the  equation? 

NE2SO2NH2  +  NaOH  — >•  NH2S020Na  +  NH3. 

as  a  result,  a  second  quarter  of  the  ammonia  was  evolved.  After  this,  there  re¬ 
mained  In  the  solution  only  sodium  sulfaminate,  which  is  extremely  difficult  to 
hydrolyze  in  alkaline  medium. 

Thus,  all  the  facts'  in  our  possession  confirm  the  conclusion  that  the 
syrupy  substance  actually  contains  a  considerable  quantity  of  the  ammonium  salt 
of  ImidcGulfamide,  in  any  case  not  less  than,  and  most  probably  somewhat  more 
than  70^,  as  from  it  there  can  easily  be  clitained  about  70^  of  the  theoretical 
amount  of  the  pure  silver  salt  of  imidosulfamide.  It  is  very  probable  that  t'ne 
content  of  the  ammionium  salt  of  imidcsulfamide  is  much  greater  than  7^^.  but  the 
syrupy  substance  can  scarcely  be  the  pure  am.monlum  salt  of  imidosulfamide,  as  in 
thiw  case  the  yield  of  the  silver  salt  would  have  been  close  to  100^, 

In  addition,  as  has  already  been  shown  above,  in  the  mother  liquor  of  the 


silver  salt  we  have  ascertained  the  presence  of  at  least  two  additional  silver 
salts.  Hie  excellent  agreeaient  of  the  data  of  analysis  and  of  the  determination 
of  the  molecular  weight  with  those  calculated  for  the  pure  salt  of  imidosulfam- 
ide  is  doubtless  to  be  explained  by  the  fact  that  the  impurities  have  the  same 
Cor  close  to  the  same)  composition  as  the  ammonium  salt  of  imidosulfamide.  Thus, 
for  example,  an  Impurity  consisting  of  compounds  such  as 

NH2SO2N ( NH4 ) SO2N ( NH4 ) SO2NH2 , 

NH2SO2N (NH4 ) SO2N (NH4 ) SO2N (NH4 ) SO2NH2 , 

etc.,  would  havf'  no  influence  whatever  on  the  determination  of  the  molecular 
weight  and  on  the  elementary  composition,  but  would  affect  the  yield  of  sulfamide 
and  sulfaminic  acid  upon  hydrolysis,  as  well  as  the  velocity  of  evolution  of  am¬ 
monia  from  an  alkaline  medium.  However,  if  10  to  20^  of  a  compound  such  as 

NH2SO2N (NH4 ) SO2N (NH4 ) SO2NH2 

is  mixed  with  the  ammonium  salt  of  imidosulfamide,  then  the  change  in  the  velo¬ 
city  of  evolution  of  the  ammonia  and  the  yield  of  sulfamide  will  be  less  than 
the  error  of  the  experiment.  Therefore,  the  most  reliable  criterion  of  the  con¬ 
tent  of  the  ammonium  salt  of  imidosulfamide  in  the  syrupy  substance  is  the  yield 
of  silver  salt.  It  is  probable  that  up  to  the  present  time  it  is  the  existence 
of  impurities  which  has  not  permitted  us  to  crystallize  the  syrupy  substance, 
although,  according  to  Eantzsche,  the  ammonium  salt  of  imidosulfamide  (or  its 
compound  with  ammonia)  is  crystalline,  and  melts  at  117^. 

There  is  still  another  observation  which  confirms  the  presence  of  other 
compounds  in  the  syrupy  substance.  If  a  mixture  of  pyridine  and  sulfamide  is 
boiled'  for  2  to  3  hours,  the  syrupy  substance  formed  is  r.o  different  in  appear  • 
ance  and  composition  from  the  product  obtained  by  boiling  for  a  half  hour,  but 
the  yield  of  silver  salt  drops  sharply.  This  gives  us  reason  to  expect  to  ob¬ 
tain  later  higher  polysulfamides  •'  of  the  type  of  NH2SO2NHSO2NHSO2NHP. 
NH2S02NHS02NIiS02NriS02NH2,  etc.,  in  pure  form,  as  individual  substances. 

The  investigation  of  the  reaction  of  sulfamide  with  pyridine^  as  well  as 
of  the  properties  and  reactions  of  the  products  thus  obtained,  is  being  continued 
in  various  directions. 

EXPERIMENTAL 

The  preparation  of  the  amide  of  a  carboxylic  acid  from  rea''tio^  mixtures 
without  the  use  of  hydrolyzing  solvents.  The  amidation  of  benzoic  acid  was 
carried  cut  ( 0 . oi  mole,  or  1.22  with  sulfamide  (O.O]  mole,  cr  0.^6  g)  in  the 

presence  of  pyridine  (5  ml)  at  the  temperature  of  the  boiling  water  bath  ever  a 
period  of  3  hours.  The  pyridine  was  then  distilled  off  in  vacuum,  at  first 
40  to  50*’ »  toward  the  end  at  100^.  The  dry  crystalline  residue  was  extracted 
three  times  with  absolute  ether  (lOO  ml,  20  ml,  20  ml).  After  the  ether  had  been 
driven  off,  there  remained  1.1  g  of  a  crystalline  product  with  a  far  from  sharp 
melting,  range  of  88-95'  This  product  was  treated  with  p  tnl  cf  a  1.0  N  solution 
of  soda  (evolution  of  carbon  dioxide)  and  the  benzamide  was  extracted  3  times 
with  ether  (5O  ml,  25  ml,  25  ml).  The  ether  was  distilled  off  to  give  0,84  g  of 
benzamide  (about  70^  of  theory).  M.p.  123-125°;  after  recrystallization  from 
water,  the  m._p  was  125'-127*.  The  alkaline  solution  which  remained  after  the 
benzamide  had  been  extracted  with  ether  was  acidified  with  6  ml  of  1-0  N  sulfuric 
acid  solution  and  the  benzoic  acid  extracted  3  times  with  ether  (50  ml  25  ml. 

25  ml).  After  the  ether  bad  been  driven  off,  0,22  g  of  benzoic  acid  was  ob'^ai''ed 
m.p.  .117'119";  after  recrystallization  from  water,  the  m.p.  was  119  ■"'20''’.  Thus 
the  product  which  was  extracted  with  ether  directly  from  the  reacticn  mixture  con 
tained  0.84  g  of  benzamide  and  0.22  g  of  benzoic  acid,  a  tonal  of  1 . 06  g.  There¬ 
fore,  this  product  did  not  contain  any  considerable  amounts  of  other  substances, 


as  its  total  weight  of  1.1  g  was  orly  0.04  g  greater  than  the  combined  weight 
of  the  benzamlde  and  benzoic  acid. 

The  reactirr  of  the  s\;.l  fare  1  de  vl th  pv'r id  1  ne  was  carried  out  under  various 
conditions  of  concentratic-n,  temj'eratiire ,  and  time.  Eere  we  shall  give  only 
typical  experiments,  under  the  ror.ditl'^ns  which  gave  the  best  results.  Each  of 
these  experiments  was  carried  rut  net  less  than  five  times. 

The  preparation  of  the  syrupy  substance.  A.  At  the  temperature  of  the 
water  bath.'*  A  mixture  of  O.Cp  mole  of  sulfamideT4 .B  gj,  which  had  been  dried 
in  va cuum~ over  sulfuric  acid,  and  10  ml  of  pyridine  which  had  been  dried  over 
barium  oxide,  was  placed  in  a  flask  closed  with  a  reflux  condenser,  and  heated 
on  the  boiling  water  bath.  The  sulfamide  at  once  dissolved  to  give  a  transparent, 
colorless  solution.  After  10  ci.nutes  the  solution  became  cloudy,  after  20  min¬ 
utes,  cl]y  drops  appeared  on  the  walls  of  the  flask,  and  after  40  minutes  a  vle- 
couG,  oily  layer  whose  amount  gradually  increased  collected  on  the  bottom  of  the 
flask.  After  5  hours  of  heating,  fne  pyridine  was  distilled  off  in  vacuum  on 
the  water  bath,  and  the  viscous  oily  residue  was  extracted  5  times  with  15  ml 
portions  of  boiling  acetone.  After  the  acetone  had  been  driven  off,  0,45  g,  or 
9-57^  of  the  sulfamide  remained,  colored  brown  with  tarry  impurities,  m^p.  86- 
89°,  mixed  test  88-90“;  after  recrystallization  from  ethyl  acetate,  m.p.  91-92®, 
mixed  test  91-92®.  After  the  extraction  of  the  acetone,  the  residue  was  care¬ 
fully  dried  in  vacuum  at  the  temperature  of  the  boiling  water  bath. 

Thus,  4.4  g  (that  is,  91 ’7^  the  weight  of  the  sulfamide  used)  or  a 
transparent,  syrupy  substance  wras  obtained,  with  a  scarcely  noticeable  color. 
Taking  into  account  the  unreacted  sulfamide,  the  yield  was  101.1^.  The  increase 
of  the  yield  above  100^  is  probably  to  be  explained  by  the  impossibility  of  com¬ 
pletely  removing  the  pyridine  from  the  syrupy  substance,  and  also  by  the  action 
of  moisture  which  entered  the*  sulfamide  and  pyridine  during  the  weighing,  'filling, 
and  measuring.  In  the  pyridine  solution  water  decomposes  the  sulfamide  with  the 
formation  of  ammonium  sulfamate,  which  is  converted_into  pyridine  sulfamate  with 
the  loss  of  ammonia.  This  results  in  an  increase  in  the  w^eight  of  the  products 
of  reaction.  . .  '  * 

In  order  to  determine  the  amount  of  ammonia  evolved  during  the  reaction, 
a  tube  was  placed  in  the  middle  of  the  reflux  condenser  and  a  very  slow  current 
of  air  passed  through  it.  The  air  w'as  first  washed  with  sulfuric  acid  and  caus¬ 
tic  alkali.  The  ammonia  formed  was  absorbed  in  0,2  N  sulfuric  acid. 

0.05  mole  of  sulfamide  (4.8  g)  was  used;  10.0  ml  of  0,2  N  sulfuric  acid 
used  for  absorption;  back  titration  required  8.2  ml  of  0.2  N  alkali;  ammonia 
found,  0.00056  mole. 

Therefore,  O.OO65  g  of  water  entered  the  reaction  mixture,  and  this  resul¬ 
ted  in  an  increase  of  0.6^-  in-  the  weight  of  the  products. 

In  order  to  carry  out  the  r<^-actic.n  under  anhydrous  conditions,  a  sample  of 
the  sulfamide  was  dried  in  vacuum  in  a  flask  which  had  first  been  joined  by  means 
of  a  condenser  to  another  flf.sk  co.ntainir.g  pyridine  over  barium  oxide.  After  a 
week,  the  pyridine  >ras  distilled  under  vacuum  into  Lhe  reaction  flask,  the  .. 
reaction  was  carried  out  without  disassembling  the  apparatus  in  the  manner  des¬ 
cribed  above,  with  the  pvassago  of  a  slow'  current  of  ammonia-free  air.  The  gas 
was  washed  w'ith  0,2  N  acid. 

I 

0.05  mole  of  sulf^^mide  (4.6  g)  was  used;  10.0  ml  of  0.2  N  sulfuric  acid 
used  for  ebserptien;  10.0  ml  of  0.2  ^  alkali  used  for  hack  titration. 

After  the  titration,  5  “T  1>0  N  alkali  w'as  added,  and  a  steam  distilla¬ 
tion  was  carried  out  to  give  5  ^-1  tf  distillate.  V/hen  the  distillate  w'as  added 
to  Nessler's  reagent,  there  w'as  an  easily  noticeable  yellow  color. 

^  flask  containing  a  mixture  of 
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0.05  mole  cf  sulfamide  (4.8  g)  and  10  ml  of  pyridine  was  immersed  in  an  oil  bath 
h»-'atpd  to  150®.  After  one  minute  the  solution  grew  cloudy^  after  five  minutes 
the  liquid  separated  into  layers,  and  the  amount  of  the  lower  layer  quickly  in¬ 
creased.  After  50  minutes,  the  heating  was  discontinued  and  the  reaction  mix¬ 
ture  was  treated  in  the  same  manner  as  in  the  preceding  case.  0,25  g  (or  5*2^) 
of  sulfamide  and  4.6  g  (or  95 of  the  syrupy  substance  was  obtained. 

C. _ In  the  presence  of  water.  A  mixture  of  0.02  mole  of  sulfamide  (l.92 

g),  2  ml  of” pyridine,  and  0.01  mole  of  water  (O.16  g)  was  heated  on  an  oil  bath 
up  to  150®.  The  gas  formed  was  led  into  a  solution  of  O.5  N  sulfuric  acid  by 
means  of  a  slow  current  of  dry  air  which  had  btren  .subjected  to  preliminary  wash  ¬ 
ing  with  sulfuric  acid  and  alkali.  The  reaction  products  were  net  investigated. 

0.02  mole  (1.92  g)  of  sulfamide  was  used;  water  used  0,01  mole  (0  I8  g); 
40,0  ml  of  0,05  N  sulfuric  acid'  19-6  ml  of  0.5  N  alkali  used  for  back  titration; 
ammonia  found  0.0102  mole;  ammonia  calculated  0.01  mole. 

The  analysis  and  properties  of  the  syrupy  substance.  The  syrupy  substance 
was  very  soluble  in  wa+er  to  give  a  solution  with  a  neutral  reaction.  When  ace¬ 
tone  wag  added  to  the  aqueous  solution,  it  precipitated  cut  in  the  form  of  an 
oil.  It  was  insoluble  in  ether,  acetone,  ^thyl  acetate,  dichlcroethane ,  carbon 
tetrachloride,  and  benzene.  When  the  syrupy  substance  was  added  to  a  concentra¬ 
ted  solution  of  caustic  potash,  ammonia  was  evolved  with  frothing. 

,  For  the  purpose  of  analysis,  a  sample  of  the  substance  was  heated  for  6 
hours  in  a  sealed  tube  with  concentrated  hydrochloric  acid  at  120*^  and  the  con¬ 
tents  of  the  tube  were  then  made  up  to  a  volume  of  25O  ml,  and  definite  volumes 

of  the  liquid  were  analyzed. 

0.8043  g  of  the  substance  in  a  volume  of  25O  ml;  25  ml  of  this  used,  i,e,, 
samples  of  0.0804,  to  give  0.1952  and  0,1955  g  f'f  BaSC4;  ^0  ml  j  i  e  .  C<,l6o8  g  ^ 
of  sample  required  6,75  6,70  ml  of  0,5  N  aci^  to  neu+rallze  ammonia-. 

Found  N  29-4l,  29,i9|  S  33>54,  33-59- 

S0pNpH4.  Computed  N  29-l6;  S  33.57- 

0.0298  g  substance.’  10.0  g  water;  At  0,058°. 

0.0516  g  substance:  10,0  g  water;  At  0,101®. 

Found  (for  undissociated  substance):  M  9^,2,  94,5?  found  (for  substance 
decomposed  into  two  ions);  M  190,2;  I89.O., 

N4HeSp04,  Computed:  M  192.22. 

Determination  of  the  velocity  of  the  eyclu'*'  ion  cf  ammonia  uron  boiling 
with  caustic  potash.  A  sample  cf  the  syrupy  substance  dissolved  in  a  small 

amount  of  water  was  added  to  ICO  ml  of  a  hot  1,0  N  solution  cf  caustic  potash, 
and  a  steady  current,  of  steam  was  immediately  passed  through  the  liquid.  The  dis¬ 
tillate  was  condensed  and  collected  in  1.0  N  sulfuric  acid.  The  volume  of  liquid 
in  the  flask  was  maintained  constant  by  regulating  the  heating  of  the  flask, 

1.2316  g  substance  for  neutral  ization  of  ammonia  with  0,5  N  acid? 
after  3  minutes  l4,9  ml,  which  corresponded  to  29  12-^  of  total  nitrogen 
of  sample;  after  1  hour  12-3  ml,  which  corresponded  to  24  C4'5&  of  total 
nitrogen  of  sample;  after  6  hours  3«1  nil>  which  corresponded  t^  6  Go^  of 
total  nitrogen  of  sample. 

Thus,  after  3  minutes,  the  amount  of  ammonia  evolved  corresponded  to  29 -12'/^ 
of  the  total  nitrogen  content,  after  1  hour  29,12  -t-  24.04  :=  53.16'^,  a.nd  after  6 
hours  53.16  -f  6.  Go  =  59’22'5t’  of  the  total  nitrogen  content, 

a'-id  wj.j.h  sulfam1<ie  and  the 

^  mixture  of  0.01  mc:e  of  p  •nitrcbenzni'c  acTd”3'i  .67  g'C 
Idlne,  and  0.01  mole  of  sul  farr.ld»'  (0,96  was  heated  for  5  hours  c.n  th'='  b-olling 
water  bath.  Tlie  usual  method  of  treatment  gave  1  .5  g,  l,e.,  90.3^  of  the 


1.7 


theoretical  ac:ount  of  nitrobenzamide,  m.p>  19^-197*'  (uncorrected). 

B.  The  axidaticn  of  p-nltrobenzolc  acid  vlth  half  a  mole  of_^h^  ammonium 

salt  of  i'^i'dcsulf amide.  A  mixture  of  0.01  mole  of  sulf amide  To*9b  g”)  and  5 
'^~^^^'idine~ was  heated  on  the^  boiling  water  bath  for  3  hours,  and  0.01  mole  of 
p-nitrobenzoic  acid  (I.67  g)  was  then  added  to  the  reaction  mixture  arjd  the 
heating  continued  for  3  hours  more.  The  usual  method  of  treatment  gave  O.78  g, 
i.e.,  47^  of  the  theoretical  amount  of  p-nitrobenzoic  acid,  m.p.  195-198®  (un¬ 
corrected)  and  0.82  g,  i.e.,  49^  of  the  theoretical  amount,  of  p-nitrobenzoic 
acid.  * 

C .  The  amidati on  of  p -nitrobenzoic  acid  with  one  mole  of  the  ammonium  salt 
of  imidosu  If  amide.  A  mixture  of  0..02  mole  of  sulfamide  (I.92  gj"  and  5  nil  of 
pyridine” was  heated  on  the  boiling  water  bath  for  3  hours,  and  0,01  mole  of  p- 
nitrobenzoic  acid  (1,67  g)  was  then  added  to  the  reaction  mixture,  and  heating 
was  continued  for  3  more  hours.  The  usual  treatment  gave  I.63  g,  or  98^  of  the 
theoretical  amount  of  p-nitrcbenzamide,  m.p.  19^-197“  (uncorrected). 

The  hydrolysis  of  the  ammonium  salt  of  imidosulfamide.  A  mixture  of  0.02 
mole  of  sulfamide  (lo92  g)  and  5  ml  of  pyridine  was  heated  on  the  boiling  water 
bath  for  9  hours,  and  the  pyridine  then  removed  by  distillation  in  vacuum  at  95“ • 
In  order  to  remove  the  unreacted  sulfamide,  the  residue  was  extracted  3  times 
with  15  ml  portions  of  boiling  acetcne.  After  the  acetone  had  been  driven  off 
there  remained  0.02  g,  or  about  1^  of  a  dark  colored  oil,  which  crystallized  at 
once  upon  being  seeded  with  a  crystal  of  sulfamide,  to  form  characteristic  radia¬ 
ting  crystals.  When  pressed  out  on  a  porous  plate,  the  substance  melted  at  88- 
90°,  and  gave  no  depression  when  mixed  with  known  sulfamide. 

In  order  to  remove  the  acetone,  the  residue  was  again  heated  in  vacuum 
to  95“;  and  then  dissolved  in  10  ml  of  water.  The  reaction  of  the  solution  was 
neutral.  Tne  solution  was  boiled  with  a  reflux  condenser  for  1  hour.  During 
this  reaction  the  solution  became  strongly  acid  to  Congo  red,  and  a  piece  of 
paper  moistened  with  water  containing  phenolphthalein,  placed  in  the  upper  tube 
of  the  reflux  condenser,  turned  red.  The  solution  was  evaporated  to  dryness  in 
vacuum,  at  95*  >  and  the  residue  was  extracted  three  times  with  I5  ml  portions 
of  boiling  acetone.  •  .  . 

After  the  acetone  had  been  removed,  there  remained  0,91  g>  or  95^'  of  the 
theoretical  amount  of  sulfamide.  Tne  sulfamide  obtained  was  very  faintly  col¬ 
ored,  had  m.p.  64-86°,  and  gave  no  depression  when  mixed  with  known  sulfamide. 
After  recrystalllzation  from  ethyl  acetate,  it  was  in  the  form  of  the  platelike 
crystals  characteristic  of  sulfamide^  m.p.  91-92®.  After  the  extra'ticn  of  the 
sulfamide,  the  residue  was  dissolved  in  3  ml  of  water,  and  to  the  solution  there 
was  slowly  added,  with  cooling,  3  ml  of  concentrated  sulfuric  acid.  There  was 
an -immediate  precipitate  of  the  characteristic  crystals  of  sulfarainic  acid.  Af¬ 
ter  2  hours  the  product  was  filtered  with  suction  and  pressed  on  a  porous  glass 
plate.  It  had  m.p.  202-204’  (unccrrected) ,  and  gave  no  depression  when  mixed 
with  kno^n  sulfaminic  acid.  The  yield  was  O.67  g,  i.e-,  69^  of  the  theoretical 
amount. 

Determination  cf  the  amount  of  sulfaminic  ac id  lost  in  the  mother  JJ^^uo^r . 
0.01  mole  of  ammonium  sulfaminate  l^g")  was  dissolved  in  3  ml  cf  water,  and 
to  the  solution  there  was  added  3  ml  of  concentrated  sulfuric  acid  After  2 
hcu'^s  the  sulfaminic  acid  was  filtered  off  and  pressed  out  on  a  porous  glass 
plate.  The  yield  was  0.71  i.e.,  74>  of  the  theoretical,  m  p.  202-204°  (un- 

coriected).  Thus,  26^  of  the  total  amount  of  sulfaminic  acid  remained  in  the 
solution. 

Tne  preparation  of  the  silver  salt  of  imidosulfamide  The  syrupy  substance 
obtained  fi’cm  0.03  mole  of  sulfamide  (4.8  g''  was  dissolved  in  25  ml  of  water, 
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and  to  the  solution  there  was  added  10  ml  of  2  0  N  silver  nitrate  solution  The 
liquid  first  turned  cLudy.  ar.d  c-'n  ■•‘here  hecan  *he  fcrna*:i^n  of  a  '■carsel.y  crys¬ 
talline  precipitate  of  the  silver  salt.  Tne  solution  was  allowed  to  stand ^quietly 
(without  stirring)  for  15  minutes.  The  solution  was  quickly  poured  off,  and  the 
precipitate  washed  twice  by  decantation  with  3  3il  portions  of  water,  then  filtered 
with  suction  and  washed  with  water.  The  yield  was  from  5  C  to  5^5  Sf  about 

70^  of  the  theoretical. 

Upon  heating  in  a  capillary  the  substance  began  tc  form  dr.-ps  at  about  190"  . 
and  melted  at  195'*195‘’ forming  a  light  brown,  ncn-transparent,  semiliquid  _ass. 
For  the  purpose  of  purification,  the  silver  salt  was  retrystallized  from  I5O  ml 
of  boiling  water.  Thus,  large  concretions  of  prisms  of  the  "  no<*ks :omb  '  type  were 
formed  in  about  h.d  to  4.9  g  yield,  l.e.,  about  60%  of  the  theoretiral  amount. 

Upon  heating  in  a  ^apillary  the  substance  began  tc  soften  at  about  190'’,  and 
melted  to  give  a  milky  white,  n-'n -transparent ,  seml-Tlquid  mass  at  195  •-97"* 
vacuum  the  silver  salt  easily  Tost  its  water  of  crystallization  (see  below)  at 
40  to  50*.  The  salt  dried  in  vacuum  melted  at  193-199'* 

The  first  mother  liquor  ^the  one  removed  by  decantation)  upon  standing^  and 
sometimes  at  once,  continued  to  precipitate  the  silver  salt  nf  imldosulfamide, 
but  along  with  it  another  salt  precipitated  in  the  form  cf  fine  prisms  similar 
to  sand. 

If  the  mother  liquor  is  n.t  poured  off  ih  time;  then  this  salt  of  ’'fine 
prisms"  contaminates  the  characteristic  crystals  of  the  silver  salt  cf  imidosulf- 
amlde;  however,  this  second  salt  is  easily  removed  by  re'rystallization ,  as  it 
always  precipitates  after  the  silver  salt  cf  imidosulfamiie ,  but  its  '"cmpiete 
separation  always  results  in  a  less  of  the  silver  salt  of  Imidcsul famide .  ■ 

A  third  silver  salt  is  precipitated  after  the  second  salt  is  filtered  eff 
with  suction,  if  aqueous  ammocia  is  added  tc  the  mother  liquor  This  salt  c -mes 
out  in  the  form  of  an  amerpheus,  curdy  precipitate.  If  *he  third  salt  is  allowed 
to  remain  for  a  long  period  under  the  mother  liquor,  it  Is  gradually  converted 
into  a  finely  crystalline  pre.ipitate.  .  .  . 

The  second  and  third  silver  sfiilts  have  not  yet  been  investica'^ed  more 
closely.  The  properties  cf  the  silver  salt  of  imidosulfamide  are  des''rlbed  in 
detail  in  the  theoretical  section  of  the  report. 

The  vstal  1  icat  1rr  of  the  silver  sal'':  cf  Im'id  sul  Wre*'  P  *  "  g 

of  the  salt  was  recrysta.llized  fr:m  ^0  to  I5O  mi  cf  h  t  va^er,  crystals  cf  the 
typical  cockscomb^ '  fprm  came  cut.  When  these  crystals  were  re' rystal  li:'ed  at 
a  concentraticn  of  10  g  per  200  ml,  sometimes  cc  l.v  transpare’''t ,  strr>’'glv 
refracting,  fine  rhombehedra  came  ou't  ,  uniformly  distributed  over  t.ae  flat  sur¬ 
face  of  the  flask;  and  not  toueniug  each  other. 

• 

Sometimes,  however,  at  this  same  roncentrat  ion ,  two  or  tbxee  oarse  aggre¬ 
gates  of  the  ncn-transparent  ^ o'‘kscombs  •'  were  formed  on  the  bottom  cf  the  flask, 
and  after  a  day  there  would  appear  around  them  separate  seining  rhomhobedr a , 
while  often  all  the  possible  transition  stages  between  t.nese  two  forms  were  pro  • 
duced. 

Wlien*  crystal lizatlcn  was  carried  out  with  0  7^  c-  q  g  silver  salt 

per  200  ml  of  water  ,  only  rhombehedra  precipitated^  crystal. l zatlon  usual,  y  began 
only  after  2  or  3  days,  and  'cn'*'inued  very  sl'wly  for  several,  m'.re  days  Wlien  t.ce 
"pure  rhombehedra"  were  re;' rystal...l2€.*d  from  Tcncentrat^-d  sc-utioos  (2  to  5  g  por 
50  to  150  ml  of  water)  only  the  typical  •' cocks'cmbs '  were  obtained. 

In  order  to  Identify  the  silver  salt  cf  imidosul  famide  a".d  to  d‘  rri'"r.stra*'e 
the  Identity  of  •:  cmpcsitic.n  of  both  forms,  the  water  cf  crvstallir.ati-r.'  .silver, 
sulfur,  and  nltrcger.  in  the  cockscomb''  crystals  'w-ore  deCermired.  Tor  t.'e 
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"rhombohedra”,  the  water  of  crystallization  and  the  silver  were  determined. 

For  the  purpose  of  analysis,  a  sample  of  the  substance  vp  decomposed  with 
concentrated  hydrochloric  acid  at  120"  over  a  period  of  to  5  hours.  The  silver 
chloride  was  filtered  off  through  a  crucible  with  a  porous  plate,  the  filtrate 
made  up  to  a  definite  volume,  and  the  sulfur  and  nitrogen  In  it  determined.  In 
addition,  the  silver  was  determined  In  separate  samples  by  precipitating  with 
hydrochloric  acid  from  a  boiling  solution  acidified  with  HNO3. 

Analysis  of  the  "cockscomb”  crystals: 

1,1021  g  substance:  loss  In  weight  0.123^  g* 

0,9^16  g  substance:  loss  In  weight  O.IO58  g. 

0.3216  g  substance:  O.145U  g  AgCl. 

0.2722  g  substance:  0.1223  g  AgCl. 

1.2432  g  substance:  In  ^50  pil  volume,  of  which:  ^.:ml, 

l.e.,  0,1243  g  sample. 

,  obtained:  0.ldl9  g  and  O.I621  g  BaS04. 

50  ml,  l.e.,  0.2486  g  sample;  for  neutral¬ 
ization  of  ammonia  O.5  N  acid:  ' 

4.70,  4.72  ml. 

Found  H2O  11.19,  11.24;  Ag  3^.03,  33.95; 

N  13.23,  13.27;  S  20.10,  20.12. 

AgN3S204*2H20.  Computed  H2O  11.33;  Ag  33.91;  N  13.21; 

8  20.13. 

Analysis  of  the  •rhombohedra”  crystals: 

0,5628  g  substance:  loss  In  weight  O.O634  g. 

0,6327  g  substance: ‘ loss  In  w^*lght*-0.07^Tj5i 

0.2516  g  substance:  0.1135  g  AgCl. 

0.2312  g  subotanco:  0.1045  g  AgCl. 

Found  HaO  11.27,  11. I8;  Ag  33.95,  3^.03. 

Deterwlnatl nn, of  the  sol ubH tty  of, the  silver  salt  cf  Imldosulfamlde  In 
water  at  20^  ri*6  g  of  the  flnrily  alvidna  silver  salt  of  Imldosulfamlde  was 
shaken  with  200  ml  of  water  at  20"  for  2  days.  The  solution  was  filtered, .and 
the  silver  in  It  dotermlncd  as  silver  chloride. 

Weight  of  solution  172.1  g,  eilvor  chloride  obtained  O.O76O  g. 

Tho  solubility  found  for  the  silver  salt  of  Imldosulfemldo  at  20"  was 
0.0868  g  per  100  g  of  aqueous  solution,  l.e.,  one  part  per  1153  parts  of  water.’ 

BUmRY 

1.  It  has  been  shown  that  In  the  amldatlon  of  carboxylic  acids  with  sulf- 
amldc  In  a  solution  of  pyridine,  the  arnidatlng  agent  is  not  only  sulfamlde,  but 
also  the  amonlum  salt  of  Imldosulfamlde,  formed  by  the  action  of  pyridine  on 
the  sulfarnida. 

2.  It  has  been  shewn  that  In  the  amldatlon  of  carboxylic  acids  with  sulf- 
amide  In  a  solution  of  pyridine,  stable  Intermodlato  products  are  not  formed, 
and  that  the  amides  of  tho  carboxylic  acids  are  contained  in  the  reaction  mix¬ 
ture  as  such, 

3*  A  new  method  for  th^  preparation  of  salts  of  imldosulfamlde  has  been 
developed. 

4,  The  properties  of  the  silver  salt  of  Imldosulfamlde  have  been  studied. 

I  *  « 
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THE  REACTION  OF  SULPAMIDE  WITH  ALKALIES  AND  A  SECOND 


NEW  METHOD  FOR  THE  PREPARATION  OF  IMIDOSULPAMIDE 


A.  V.  •  Kirsanov  and  Yu  M  Zolotov 

Department  of  Organic  Chemistry  of  the  J  V  Stalin  Dnleprope trovs k  Metallurgical 
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In  a  preceding  paper  [i]  it  has  been  shovm  that  the  action  of  pyridine  on 
sulfamide  results  in  the  formation  of  a  good  yield  of  the  ammonium  salt  of  imido- 
sulfamide  according  t-o  the  equation: 

NH2SO2NH2  +  NH2S02ira2  NH2S02N(NH4)S02NH2. 

It  is  known  that  pyridine  very  easily  adds  sulfur  trioxide  and  chlorosulf- 
onic  acid  [2]  to  form  internal  salts  of  disubstituted  sulfarainic  acid,  with  the 
structure: 


but  the  formation  of  this  compound  from  chlorosulfonic  acid  must  be*^ preceded  by 
the  existence,  even  though  for  a  very  short  time,  of  an  addition  product  with 
the  structure: 


0  .  0 


as  it  is  very  improbable  that  at  a  temperature  of  -10°  chlorosulfonic  acid  would 
dissociate  into  sulfur  trioxide  and  hydrogen  chlorid,e. 

It  is  equally  improbable  that  the  anion  of  chlorosulfonic  acid  would  split 
off^the  chloride  ion  at  -10°  according  to  the  equation; 

”0S02C1  SO3  +  Cl", 

as  in  this  case  chlorosulfonic  acid  would  easily  be  split  into  hydrogen  chloride 
and  sulfur  trioxide  in  solutions  of  dissociating  solvents;  and  this  has  not  been 
observed . 

» 

Ihus,  we  may  assume  as  a  working  h;ypothesis  that  in  this  reaction  the  sulf¬ 
ur  can  have  a  coordination  number  of  five  in  the  unstable  intermediate  product 


1  ■ 


of  the  reaction,  which  at  dnce  breaks  down  according  to  the  equation: 


9 


+  Py-ECa 


o-s=o 

II 

0 


or  that  the  addition  of  nitrqgen  to  the  sulfur  add  the  splitting  off  of  hydrogen 
chloride  takes  place  simultaneously,  .  «. 

By  analogy,  we  may  assume  that  sulfamlde  adds  to  pyridine,  although  not 
quite  so  easily,  with  the  formation  of  an  unstable  product  (a),  which 
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HO  Cl 


S 
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'0— s==o 

II 

<  0 


+  HCl 


NH2  NH2 

^^0 


NH-H 


b 


0— S=NH 


+  NH3  or 


O - 


+  ^4^^ 


splits  off  an  ammonium  ion  to  give  the  compound  (B),  analogous  to  the  addition 
product  of  sulfur  trioxide  and  pyridine.  The  latter,  as  is  known  [3],  is  a  power¬ 
ful  sulfonating  agent,  and  therefore  it  is  completely  logical  to  assume  that  com¬ 
pound  (E)  is  also  a  . sulfonating  agent,  and  sulfonates  the  molecule  of  free  sulf- 
amlde  to  form  the  ammonium  salt  of  imidosulf amide? 

+  NHaSOeOH  Fy  +  NH^ 

Xnhso- 


•o-s=o 

I 

0 


||\nhso20h 

0 


II  ^^HSOsOH 
0 


Analogously: 


If  this  assumption,  is  correct,  then  there  is  still  more  reason  to  suppose 
that  in  an  aqueous  solution  of  alkali,  sulfamide  must  give  an  addition  product 
with  the  hydroxyl  structure; 

OH 

I  /NHa 

*0-S( 

II  NNHa 

0 


which,  as  a  compound  of  sulfur  with  a  coordination  number  of  five  must  be  very 
unstable  and  can  be  stabilized  in  the  same  way  as  the  addition  prcduc-^  of  pyri 
dine  and  sulfamide,  also  by  the  splitting  off  of  an  ammonium  ion? 


and  after  the  splitting  off  of  the  hydroxyl  must  form  an  ion  of  a  "thic--  analog 
of  cyanic  acid,  l.e,,  monomeric  sulfimide; 


OH 

I 

”0-i=N--  OH"  ^  SrN  <-— >>  SnN  etc. 

0  O'^  0  (5^ D-  "6^ T 

The  latter  can  behave  in  a  manner  similar  to  that  of  the  ion  of  cyanic  acid  (and 
similar  to  that,  of  the  addition  product  of  sulfur  tricxide  and  pyridine;)  l,e>, 
with  suirumide  iu  can  give  a  ■•thio'  analog  of  biuret,  imidosulfaraide 

If  all  these  considerations  are  correct  ,  then  the  action  cf  alka.1i  on  sulf 
amide  in  aqueous  solution  must  give  a  salt  of  imidosulfamide,.  even  though  in 
small  amount.  It  is  easy  to  arrive  at  this  conclusion  if  we  assume  tr.at  the  add 
tlon  of  nitrogen  to  the  sulfur  and  the  splitting  off  ^of  the  nitrcgen,  as  ammon¬ 
ium  ion)  take  place  simultaneously. 

According  to  the  data  in  the  literature  [4],  the  articn  of  alkali  on  sulf  • 
amide  results  in  the  quantitative  reaction: 

■  NHpSOpNH^  ^  NaOH - >•  NH2  +  NH2S020Na. 

However,  it  was  to  be  expected  that  the  investigators  who  studied  this  re¬ 
action,  not  expecting  the  formation  of  imidosulfamide ,  w  uld  .pay  no  a’^tention  to 
the  formation  cf  small  amoun'^  s  cf  the  salts  cf  imidr.sul  famine .  It  was  therefore 
decided  to  make  a  detailed  study  of  the  products  cf  the -reaction  cf  sulfamide 
with  alkalies.  However,  the  reality  surpassed  our  most  daring  expectat ic:  s .  It 

was  shoviT.  that  when  one  molecule  cf  causti" -alkal  i  reacted  with  two  mciecuies  cf 
sulfamide  in  aqueous  scluticn  dijring  10  minutes  hciling,  there  took  place  th€' 
formation  of  the  corresponding  salt  of  imidosulfamide  in  a  viel  d  frcm  6'^  to  9C^1c 
of  the  theoretical,  vi*h  the  simul  *  anerus  evcluti'rn  of  a  mo'.ecule  cf  ammcc.  cia 
Thus,  the  salts  of  imidosulfamide  be''om.e  c'mpletelv  ac'essihie  si:bsta:..cevS ,  and 


the  probability  of  the  reaction  mechanism  proposed  above  to  explain  the  forma¬ 
tion  of  imidosulfamlde  from  sulfamide  by  the  action  of  pyridine  or  alkali  is  con¬ 
firmed. 

The  superiority  of  the  new  method  for  the  preparation  of  imidosulfamlde  is 
very  great  in  comparison  with  the  first  method  (cf.  preceding  paper),  because: 
there  is  no  need  to  use  pyridinej  the  yields  are  much  better;  and  there  is  no 
longer  any  need  to  prepare  the  silver  salt  to  purify  the  substance,  as  the  crys¬ 
talline  sodium  salt  is  easily  obtained  directly  from  the  reaction. 

If  the  reaction  mechanism  suggested  above  actually  corresponds  to  the 
facts,  then  dlsubstituted  asymmetrical  sulfamide  should  not  give  tetrasubstltu- 
ted  symmetrical-  imidosulfamides  under  the  action  of  alkalies,  but  should  give  dl¬ 
substituted  as^mmietrlcal  imidosulfamides  with  the  simultaneous  formation  of  di¬ 
alkyl  amines,  and  not  of  ammonia.  Singly  substituted  sulfamides,  under  the  ac¬ 
tion  of  alkali,  can  give  both  symmetrical  and  asymmetrical  dlsubstituted  imido¬ 
sulfamides.  These  questions  are  now  being  investigated  experimentally. 

EXPERIMENTAL 

Determination  of  the  Optimal  Length  of  Time  for  the  Reaction  of^  «* 

Sulfamide  with  Alkalies  for  the  Preparation  of  Imidosulfamlde 

0.01  mole  of  sulfamide  (O.96  g)  was  dissolved  in  5O  nil  of  water,  and  5*0 
ml  of  a  1.0  N  solution  of  caustic  soda  was  added  to  the  solution,  and  the  mixture 
was  heated  to  the  boiling  point.  The  ammonia  which  came  off  was  absorbed  in  a 
1.0  N  solution  of  sulfuric  acid,  and  the  excess  of  acid  was  titrated.  The  data 
are  given  in  the  table.  In  all  the  experiments,  the  amount  of  sulfamide  used 
was  the  same,  0.01  mole,  i.e.,  O.96  g. 


No.  of 
Expt . 

Duration 
of  distil¬ 
lation  (in 
minutes) 

Amount 

of 

alkali 

added 

Amount  of 
acid  for  the 
absorption 
of  ammonia 

Amount  of 

0.1  N  alkali 
for  back 
titration 

1  Ammonia  given  off 

(in  ml  of 
1.0  N 
solution ) 

(in  of  the 

theoretical 
amount ) 

1 

5 

5.0 

10.0 

7.20 

2.8 

56.0 

2 

10 

5.0 

10.0 

5.75 

4.25 

85.0 

5 

15 

5.0 

10.0 

5.72 

4.28 

85.6 

k 

25 

5.0 

10.0 

5.70 

4.50 

86.0 

5 

15 

10.0 

8.10 

1.90 

76.0 

6 

50 

10.0 

24.0 

15.4 

8.60 

86.0 

From  experiments  1  to  iv  it  follows  that  even  in  10  minutes  the  reaction 
took  place  to  the  extent  of  85^,  and  that  it  then  either  proceeded  very  slow^ly, 
or,  and  this  is  considerably  more  probable,  the  main  reaction  was  accompanied 
by  side  reactions  in  w'hich  ammonia  was  not  evolved.  This  is  confirmed  by  ex¬ 
periments  5  and  6.  In  experiment  5,  the  alkali  used  is  half  the  theoretical 
amount,  and  in  experiment  6  it  is  twice  the  theoretical  amount,  calculated  ac¬ 
cording  to  the  equation: 

2NH2SO2NHS  +  NaOH - NH3  +  NH2S02N(Na)  SO2NH2, 

and  none  the  less,  in  these  cases,  the  ammonia  that  came  off  was  78  and  66^  of 
the  theoretical  quantity. 

Apparently,  the  amount  of  ammonia  given  off  during  a  short  period  of  boil¬ 
ing  of  the  solution  is  a  fairly  accui'atc  measure  of  the  course  of  the  main  reac¬ 
tion,  as  the  yields  of  silver  and  sodiiLm  salts  are  very  close  to  the  vield  of 
ammonia.  These  experiments  were  of  interest  because  they  permitted  a  rapid  and  sim 
pie  approximate  determination  of  the  optimal  length  of  time  for  the  reaction; 
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this  amounted  to  about  10  minutes.  Upon  further  boiling  of  the  solution,  the 
amount  of  ammonia  given  off  increased,  but  the  yield  of  Imldosulfamide  dropped 
sharply. 

The  Breparation  of  the  Silver  Salt  of  Imldosulfamide 

^9  g  of  a  0.5  N  solution  of  caustic  soda  was  heated  to  the  boiling  point 
in  an  open  flask,  the  flask  removed  from  the  heating  apparatus,  the  liquid  al¬ 
lowed  to  cool  a  little,  0,05  mole  of  sulfamlde  added  all  at  once,  and  the  flask 
placed  on  the  heating  apparatus  again  in  order  that  the  liquid  might  come  to  a 
quick  boll.  From  time  to  time,  boiling  water  was  added,  in  order  that  the  vol¬ 
ume  of  solution  might  not  change  appreciably.  After  10  minutes,  the  contents 
of  the  flask  were  quickly  cooled  to  room  temperature,  and  12.5  ml  of  2.0  N  silver 
nitrate  solution  was  added,  with  stirring.  'The  liquid  at  once  grew  cloudy,  and 
after  several  seconds  began  to  deposit  a  coarsely  crystalline  precipitate  of  the 
silver  salt.  After  5  hours  the  precipitate  was  filtered  off  with  suction  and 
washed  four  times  with  5  ml  portions  of  water.  The  yield  was  7*15  or  89.9^ 
of  the  theoretical.  For  the  purpose  of  purification,  the  salt  was  recrystallized 
from  200  ml  of  boiling  water.  This  gave  large  Joined  prisms  of  the  •'’cockscomb'* 
variety,  so  characteristic  for  the  silver  salt  of  imldosulfamide.  The  salt  was 
identified  by  its  melting  point  (195-195*’ )>  its  content  of  water  of  crystal¬ 
lization,  and  its  content  of  silver. 

1.0115  g  substance:  loss  in  weight  0.1127  g. 

1.0227  g  substance:  loss  in  weight  0,ll42  g. 

0.4011  g  substance:  0,l8l6  g  AgCl , 

0.5027  g  substance:  0,1572  g  AgCl. 

Found  H2O  11, 15,.  11 , 16;  Ag  5^-08,  5^.11. 

AgN3H4S204-2H20.  Computed  H2O  11.55;  Ag  55*91. 

The  yield  of  pure  salt  was  6.4  g.  When  the  mothei'.  liquor  was  evaporated 
in  vacuum,  an  additional  0.2  g  of  the  very  pure  salt  precipitated.  The  total 
yield  of  pure  product  was  6.6  g,  or  85^  of  the  theoretical  amount. 

If  the  reaction  is  carried  out  in  the  same  manner,  but  the  solution  is 
boiled  for  40  minutes,  then  95.8'5^>  of  the  theoretical  amount  of  amracnla  is  driven 
off  (0.05  mole  of  sulfamide,  48  ml  of  0.5  N  caustic  soda,  boiled  40  minutes, 
ammonia  absorbed  in  58  ml  of  1.0  N  acid  solution,  back  titration  15*5  ml  of  1.0 
N  alkali;  ammonia  given  off  5^.0  -  15.5  =  22.5  ml  of  ITO  N  solution,  i.e.,  95>8^ 
of  the  theoretical)  and  only  5-55  g  of  “the  pure  silver  salt  are  obtained,  that 
is,  44.7^  of  the  theoretical  amount. 

This  experiment  showed  that  the  reaction  did  not  stop  at  the  imidosulfam * 
ide  stage,  and  that  when  the  solutions  of  imidosulfamide  salts  were  boiled,  they 
decomposed  fairly  rapidly. 

What  sort  of  compounds  were  thus  formed  will  be  determined  later. 

The  Preparation  of  the  Sod ium  Salt  o f  Imi_d o sulfam i^e . 

0.05  mole  of  sulfamide  (4.8  g)  was  added  to  49  ml  of  boiling  O.5  N  caustic 
soda  solution,  and  the  solution  was  boiled  energetically  in  an  open  flask  for  10 
minutes.  The  solution  was  then  quickly  coded  to  room  temperature  and  evaporated 
to  dryness  in  vacuum  on  a  water  bath  heated  to  55° •  The  residue  contained  a 
transparent,  almost  colorless,,  vitreous  mass  which  weighed!  5-07  g.  Ihius,  the 
increase  in  weight  amounted  to  5*07  ~  4.8  =  0.27  g*  The  theoretically  calculated 
increase  in  weight  should  have  equaled  0.5  x  O.O5  x  (25  -17-1)  =  0.125  g. 

The  Increase  in  weight  beyond  the  theoretical:  0.27  “  0.125  ■=  0.l45  g,  was 
probably  due  to  the  difficulty  of  completely  removing  the  water  from  the  vitreous 
mass  or  to  side  reactions  which  did  not  give  off  ammonia.  The  product  did  not 
contain  sulfam"? de,  as  acetone  extracted  practically  nothing. 
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Upon  further  standing,  crystallization  began  on  the  walls  of  the  flask. 

This  proceeded  very  slowly.  In  order  to  hasten  crystallization,  we  added  ml 
of  96^  alcohol  to  the  vitreous  mass_,  and  boiled  the  mixture  on  the  water  bath 
with  a  reflux  condenser.  After  5  minutes,  the  transparent  vitreous  mass  was 
somewhat  thinner,  and  became  cloudy  and  non-transparent.  Heating  was  then  stop¬ 
ped,  and  the  mixture  was  very  energetically  shaken.  The  semi-liquid  mass  at 
once  completely  crystallized,  and  was  converted  into  a  finely  crystalline  color¬ 
less  powder.  After  some  hours  the  crystfirls  were  filtered  with  suction,  washed 
U  times  with  5  ml  portions  of  alcohol,  and  dried  in  the  air  between  sheets  of 
filter  paper.  The  product  thus  obtained  contained  0.6^  of  water,  which  was 
easily  removed  by  drying  in  a  vacuum  at  ^0  to  60® .  .  The  yield  was  4.5  g,  i.e., 
about  90^  of  the  theoretical. 

In  order  to  prepare  an  analytically  pure  salt,  the  product  was  dissolved 
in  6  ml  of  cold  water  and  the  solution  allowed  bo  stand  uncovered  in  a  crystal¬ 
lizer,  in  a  dust  free  place. 

Crystallization  began  at  once  as  the  water  evaporated.  After  a  day,  the 
entire  solution  had  been  converted  into  a  continuous  crystalline  mass.  The  pro¬ 
duct  was  carefully  filtered  with  suction,  pressed  out  between  leaves  of  filter 
paper,  and  dried  in  the  air  between  leaves  of  filter  paper.  There  was  thus  ob¬ 
tained  a  sodium  salt  of  imidosulfamide  which  contained  one  and  a  half  molecules 
of  water  of  crystallization,  which  could  be  easily  removed  by  drying  in  vacuum 
at  a  temperature  below  100°.  The  yield  of  crystalline  salt  was  about  I.5  g, 
i.e.,  about  35^  of  the  salt  taken  for  recrystallization. 

From  the  mother  liquor,  upon  further  evaporation  of  water,  we  could  obtain 
2.5  g  more  of  the  fully  purified  sodium  salt,  or  upon  the  addition  of  8.5  ^  of 
2.0  N  silver  nitrate  solution,  4.0  g  of  the  completely  pure  silver  salt.  Thus, 
the  total  yield  on  recrystallization  of  the  sodium  salt  amounted  to  4.0  g,  i.e., 
to  72.5^,  and  of  the  sodium  plus  silver  salt  I.5  g,  plus  4.0  g,  i.e.,  27,3  + 

+  50*3  =  77*6^  of  the  theoretical  amount.  It  was  possible  to  obtain  an  analyt¬ 
ically  pure  sodiam  also  without  treating  the  crude  reaction  product  with' alcohol. 
In  this  case,  evaporation  of  the  reaction  solution  in  vacuum  was  continued  until 
the  volume  was  down  to  8  ml,  and  the  solution  was  allowed  to  crystallize  by  slow 
evaporation  in  the  air.  There  were  obtained  I.5  g  of  the  pure  sodium  salt,  and 
from  the  mother  liquor  4.5  g  of  the  pure  silver  salt,  i.e.,  a  total  yield  of 
27*5  +  50 =  83.9^  of  the  theoretical  amount.  The  higher  yield  in  this  case 
is  doubtless  to  be  explained  by  the  fact  that  a  small  amount  of  the  Imidosulf¬ 
amide  is  lost  in  the  alcoholic  mother  liquor. 

The  anhydrous  sodium  salt  of  imidosulfamide  is  in  the  form  of  a.  finely 
crystalline,  colorless  powder.  By  recrystallization  from  water  the  salt  is  ob¬ 
tained  ‘in  the  form  of  a  coarsely  crystalline  sandy  powder. 

When  the  salt  recrystallized  from  water  is  dried  in  air,  it  contains  one 
and  a  half  molecules  of  water  of  crystallization.  Upon  further  standing  in  the 
desiccator  above  sulfuric  acid  or  upon  drying  in  a  vacuum  below  100°,  the  salt 
easily  loses  its  water  of  crystallization. 

1.1507  g  substance;  loss  in  weight  0.l4l6  g. 

1.1263  g  substance;  loss  in  weight  0,1377  g> 

Found  H2O  12.30,‘  12.^0. 

NaN2S204H4 '1 .5H2O.  Com.puted  H2O  12.06. 

In  order  to  determine  the  scdium  content^  a  sample  of  the  salt  was  care¬ 
fully  decomposed  in  a  platinum  crucible  with  concentrated  sulfuric  acid^  after 
which  the  ammonium  r;alt  and  the  excess  of  sulfuric  acid  were  driven  off  by  care¬ 
ful  calcination.  In  order  to  obtain  reproducible  results,  it  appeared  necessary 
to  repeat  the  treatment  with  sulfuric  acid,  and  to  follow  this  with  gentle  cal¬ 
cination. 
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In  order  to  determine  the  nitrogen  and  the  sulfur,  a  sample  of  the  subs¬ 
tance  was  decomposed  with  concentrated  hydrochloric  acid  in  a  sealed  tube  over 
a  period  of  6  hours  at  120°,  and  the  contents  of  the  tube  were  then -brought  up 
to  a  definite  volume  with  water  and  analyzed.  The  molecular  weight  was  determ¬ 
ined  cryoscopically,  in  aqueous  solution. 

0.5152  g  substance:  O.II53  g  Na2S04. 

0.2793  g  substance;  0.1014  g  Na2S04. 

0.6227 _g  substance:  in  2^0  ml  volume,  of  this: 

25  ml,  i.e,  0.0625.  g  substance;  '0.1404  g  BaS04.  ■  .  '  : 

25  ml,  i.e.,  0.0625  g  substance:  0.l48l  g  ,BaS04. 

100  ml,  i.e.,  0.2491  g  substance:  for  neutralization  of  ammonia  7.52  ml 

of  0.5  N  acid. 

0.26/^k^  g  substance:  for  neutralization  of  ammonia  8.O5  ml 

of  0.5  N  acid. 

0.0256  g  substance:  10  g  water:  At  0.046°. 

0.0454  g  substance;  10  g  water:  At  0.085°. 

'  Found  Na  11.84,  11. 76;  N  21.15,  21.42;  S  52.72,  52.65. 

Found:  M  for  undissociated  substance-  9^'-  9.-  94  5 

Found;  M  for  substance  dissociating  into  2  ions:  I89.8,  189.0 

NaN3S204H4.  Computed  Na  11.66;  N  21.50.?  S  55-52;  M  197-17- 

The  sodium  salt  of  imid.osu] famide  which  contained  one  and  a  half  molecules 
of  water  of  crystallization^  upon  slow  heating  in  a  capillary,  began  to  form 
drops  at  55  to  40° ,  became  a  semi -liquid  at  65-70°,  and  was  converted  into  a 
non-transparent  milky  liquid  at  80-85° • 

The  anhydrous  salt  melted  at  l62-l64°^  and  was  converted  into  a  cloudy 
liquid.  The  salt  was  very  easily  soluble  in  water,  soluble  with  difficulty  in 
alcohol,  and  insoluble  in  the  usual  organic  solvents.  The  taste  of  the  sodium 
salt  of  iraidosulfamide  was  indefinite,  a  scarcely  p’efceptible  saltiness.  When 
it  was  immersed  in  alcohol,  the  salt  melted  to  give  oily  drops,  forming  a 
second  layer.  When  alcohol  or  acetone  was  added ~to  the  aqueous  solution  of  the 
salt,  the  liquid  separated  into  two  layers, 

SUMMARY 

1.  Considerations  on  the  mechanism  of  the  reaction  of  sulfamide  with  pyri¬ 
dine  have  been  expressed. 

2.  On  the  basis  of  these  considerations,  the  possibility  of  the  formation 
of  iraidosulfamide  by  the  action  of  alkali  on  sulfamide  has  been  deduced. 

5.  It  has  been  shovm  that  the  action  of  alkali  on  sulfamide  gives  the 
corresponding  salt  of  imidosulfamide  in  yields  about  85^  of  theory. 
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IpJVESTIGATIONS  IN  THE  FIELD  OF  AMINO  DERIVATIVES 


OP  THE  HETEROCYCLIC  SERIES 

III.  POtiYCYCLIC  AriALOOUES  OF  AM  I  NOTH  I  AZOLE 


V.  P  Kucherov 


In  continuation  of  our  previous  work  [i]^  it  was  of  interest  to  synthesize 
polycyclic  analogs  of  asiinothiazole,  the  naphtho-' and  phenanthro -2 -aminothia- 
zoles. 

Such  compounds,  containing  partially  hydrogenated  naphthalene  and  phena^i- 
threne  rings,  can  be  easily  obtained  by  the  usual  condensation  reactions  of  the 
corresponding  cyclic  a-balogen  ketones  with  thiourea.  This  reaction^  which  we 
carried  out  with  such  compounds  as  a-bromotetralone-1  fl)  and  5-t)romo -U-ketc - 
1,2,3, ^-tetrahydrcphenanthrene  (ll),  permitted  us  easily,  and  in  good  yield,  to 
obtain  the  corresponding  2 •  -amino -3,^ 'dihydronaphthothiazcle-l  ,2  (ill)  and  2-  - 
dihydrophenanthrothiazole -3, ^  (IV)  in  the  form  of  their  hydrobromides  J 
0 


II 


These  compounds  are  high-melting  crystalline  substances,  soluble  only  in 
large  volumes  of  hot  water.  Upon  lengthy  boiling  in  wacer  they  are  decomposed; 
because  of  this^  their  crystallization  from  aqueous  solutions  is  possible  only 
in  the  presence  of  a  small  amount  of  hydrcbromic  acid. 

Upon  treatment  with  alkali  or  ammonia;  a  warm  aqueous  solution  of  the 
hydrcbrom.i de  of  2* -amino~3,-*-  •dihydror.aphthazclc -1 ,2  (ill)  is  transformed  almost 
quantitatively  into  the  free  base  (V)  ,  which  after  recrystallization  is  obtained 
in  the  form,  of  needle 'Shaped  crystals  with  m.p.  Ih0-ll+l°.  2  • -A.mino-3,  ^-dihydro- 
rpephthothiazole-l  ,2  was  sufficiently  well  c'naracterized  in  the  form  of  its  acet¬ 
ate  (Vl)  and  its  acetyl  sulfanilamide  derivative  (VIl), 


The  free  2 ' -amlno-l,2“dlhydrophenarnr^othlazole-5^ ^  was  not  isolated  in 
pure  form,  as  it  is  extraordinarily  unstable  both  during  its  preparation  and 
during  its  storage  and  crystallization.  Because  of  this  it  was  characterized 
only  in  the  form  of  the  acetyl  derivative  (VIII),  which  was  obtained  directly 
by  the  acetylation  of  the  unpurified  2' -amino -1^2 -dihycLrophenathrothiazole-3#^» 

-  -  r  -  -  .  .  EXPERIMENTAL  '  *' 


11  The  preparat i on_  of  the  hydrobroaide  of  2* -amlno-^  A-dihydronaphthothia- 
zole-1,2  (ill).  To  a  solution  of  5.8  g  of  thiourea  in  90  ml  of  water  at  a  temp¬ 
erature  of  60  to  70®,  there  was  added  slowly,  with  vigorous  stirring,  I5  g  of 
a-bromotetralone  [2j.  The  reaction  mixture  was  then  b.eated  to  the  boiling  point, 
and  stirring  was  continued  until  the  formation  of  a  homogeneous  solution.  Crys¬ 
tallization  began  at  once^  the  stirring  was  discontinued,  the  reaction  mixture 
cooled  to  5-5* ^  "tbe  crystalline  precipitate  was  filtered  off,  and  carefully 

washed  with  cold  water  and  alcohol.  The  weight  of  the  condensation  product  with 
m.p.  265-268®  amounted  to  l4.4  g  (76.2^  of  the  calculated  amount,  based  on  the 
thiourea).  After  crystallization  from  a  large  volume  of  hot  water  to  which  ac¬ 
tivated  carbon  had  been  added,  the  product  was  obtained  in  the  form  of  colorless 
platelets  with  a  constant  m.p.  of  268-269®. 

0.1150  g  substances  10.1  ml  Ng  (l9»5*i  7^0*5  nim) . 

Found  N  10. 07. 

CiiHiiN2SBr.  Computed  N  9*92. 

2.  The  preparation  of  2 ' -amlno-5 ,4 -dihydrcnaphthothiazole-1,2  (v).  To  a 
solution  of  1  g  of  the  hydrobromide  of  2* -amiriO-5,4-dihj'-dronaphthothiazole-l,2 
in  100  ml  of  water  at  60®,  there  was  added  a  20^  solution  of  NaOH  until  there 
was  an  alkaline  reaction  to  litmus.  Upon  cooling,  white  needle-shaped  crystals 
precipitated j  these  were  filtered  off,  washed  carefully  with  distilled  water, 
and  dried  in  vacuum.  O.7  g  of  substance  with  m,po  157'-159'  was  obtained. 


Upon  storage  in  the  air,  the  substance  darkened.  Fcr  the  purpose  of  puri¬ 
fication,  it  was  dissolved  in  a  small  volume  of  warm  methanol,  filtered  with 
charcoal,  and  the  filtrate  precipitated  by  the  addition  of  a  small  amount  of 
water.  After  two  reprecipitaticns,  0.55  g  colorless  needle-shaped  crystals 
were  obtained,  with  m.p,  l40-l4l® .  For  analysis,  the  substance  was  dried  in  a 
vacuum  desiccator  over  phosphoric  anhydride. 

0.1154  g  substances  l4.0  ml  N2  (20®,  775*5  nim) . 

0.1264  g  substances  0.1462  g  BaS04. 

Found  N  l4,19|  S  I5.89. 

C11H10N2S.  Computed  N  15*85j  S  I5.85. 

5.  The  p)reparatjon  of  2'  -acexyl amine  .5^4..dlhydrcnaphthothlazcle-l,2  (Vl) . 
0.7  G  of  the  pure  2 •  .•amino-5, ^-cih/dronaphthothiazcle-1, 2  was  dissolved  in  a 
mlxLure  of  0.5  ml  of  acetic  anhydride  and  1  ml  of  glacial  acetic  acid  and  allowed 
to  stand  24  hours  at  room  temperature.  The  precipitate  which  formed  was  filtered 
off  and  washed  with  a  small  amount  of  cold  methanol:  After  crystallization  from 
methanol  It  was  in  the  form  of  ccicrlecs  needle-shaped  crvstals  with  m.p.  225"! 

226®  (0.62  g).  '  . 

OJr  amlvsis  p?rfonred  in  the  laboratory  of  F-  V.  r.arin 
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• '5^^1970  g  substance.  11,1  ml  Ns  (22®^  750*5  mm). 

0.1252  g  substance:  0,1206  g  Bc(S04. 

Found  N  ll.T*+;  S  13.26, 

C13H12ON2S.  Computed  N  11.4?;  S  15 ’12. 

U.  The  preparation  of  2' -^p- -acetylsulfanilamldo) -5, ^-dlhydronaphthothia- 
zole-1,2  ( VI_U J7  ^  solution  of  5-5  g  of  2 ’ i-amir.o  *5 •dihydror.aphtr.othiazoie - 

T72''Tn  Ti-O  ml  of  dry  pyridine  at  a  temperature  of  50*’ >  there  was  slowly  added, 
with  stirring,  8,5  g  of  p-acetylamincbenzosulfcchlor ide .  The  reaction  mixture 
was  then  stirred  for  6  hours  at  70' ■  allowed  to  stand  overnight,  and  then  treated 
with  550  ml  of  cold  water.  A  tarry  dark  colored  mass  separated  out  of  the  aque¬ 
ous  solution;  this  was  treated  with  a  small  amount  of  methanol.-  The  light  yellow 
crystalline  ■_  precipitate  thus  obtained  was  filtered  off  and  washed  with  methanol 
The  weight  was  5.6  g,  m.p-  290-292°  '"with  decomposition).  For  the  purpose  of 
purification,  the  product  was  dissolved  in  dry  pyridine,  filtered  with  carbon, 
and  precipitated  by  the  addition  of  a  small  amount  of  water;  it  was  in  the  form 
of  almost  colorless,  fine  plate -like  crystals  with  a  decomposition  temperature 
of  291-295°.  It  was  insoluble  in  the  usual  organic  solvents. 

0,1224  g  substances  11. 4.5  ml  Np  (l?”/  755  mm).  • 

0.1498  g  substances  O.I765  g  EaSOA.  - 

Found  N  10.86;  S  16.I6. 

CigHi-OaN^Sa-  Computed  N  10,52;  S  I6.O5. 

From  the  methanol  mother  liquor,  obtained  by  the  removal  uf  the  acetyl 
sulfanilamide  derivative,  5  g  cf  the  original  2*  'amiro  •5,4-dlhydrcr.aphthothla- 
zole-l,2  could  be  obtained.  Thus,  the  yield  cf  2 • - (p  -acetylsulfanilamido)  •5>^- 
dihydronaphthothiazcle -1,2  amounted  to  5®^,  calculated  on  the  basis  of  the  2‘- 
amino-5^ 4 -dihydronaphthothiazoie  •! ,2  which  had  reacted. 

5.  The  preparation  of  the  bydrqbrcmide  cf  2J  •amir.o^-1^2 -dihj.drcpn.enanthro_- 
thiazole  -5^4 .  A  solution  cf  4  8  g  cf  5 -brcmc -4 -ket 0 -1 , 2, 5 . 4 -.tetranydrophenan  - 
threne  [3]  and  1,55  g  of  thiourea  in  120  ml  :.f  dry  metranol  was  boiled  with  a 
reflux  condenser  for  5  hours  The  crystalliie  precipitate  which  fcrm.ed  was  fil¬ 
tered  and  washed  with  methanol-  5  75  g  of  a  substance  with  deccmp~siti''n  temp¬ 
erature  501 '505*  vas  obtained.  An  additional  1.5  g  of  substance  wi-t-h  de'cmposl- 
tlon  temperature  500-505°  could  be  obtained  by  evaporating  the  metha-.nol  mother 
liquor.  The  total  yield  cf  condensation  product  vas  5*05  g  (86  5^)*  After 
crystallization  from  a  large  volume  of  0  5‘?»  hydrcbrcml'  acid;  vi'^.h  the  use  cf 
carbon,  the  product  war.  obtained  in  the  form  cf  almost  colorless  needles  with 
decomposition  temperature  505-504'. 

Upon  storage  in  the  air,  it  darkened  For  the  purpose  cf  analysis,  it 
was  dried  in  a  vacuum  desiccator  ever  sulfuric  acid-. 

0.1172  g  substance-  8,15  ml  Nn  ''.21°,  759.5  mm), 

0.1266  g  substance:  C.O915  g  ?a?C'4. 

Found  N  8.02;  S  9  92 , 

Ci5Hi£N2S?r.  Computed  N  8.4l;  3  9.63. 

6.  The  preparation  _cf  ?J -acetyl aminoj-l^ 2  •dlhydrcphenanthrothiazc.l_e -5^ 4  .  * 

2.3  g  of  the  hydrobrcnide  cf  2  -amine  1 ,2  •dihydrop'he''ar.throthiaznle  5  war  dis¬ 
solved  in  2  liters  cf  h:'t  water,  the  solution  ccnled  to  50',  and  a  20%  sc].u+ ion 
cf  NaOH  added  until  th€;re  was  an  alkaline  react  ic.n  by  lilmus  The  sr  iuticn  was 
quickly  coded,  and  tr.e  amerphevs  viol et •  ol nred  pre:  ipitatt;  was  .f  ili-nred  1-'  a 
current  of  nitrogen,  warned  with  water,  and  dried  in  a  vacuum  desi ' '.atcr . 

1,1  g  of  the  pre'ipitate  cbtalred  was  dissolved  in  a  mixttire  cf  2  ml  of 
glacial  aceti'  acid  and  0  6  ml  of  anhydride  and  allnved  to  stand  at  reem 

temperature.  After  2  hours,  the  crystal  lino  pro.'ipitate  vnich  had  formed  was 
filtered  off  and  varied  witn  cold  n~etc::e,  0  95  g  of  veakiv  coi.nred,  .r-nedle  > 


shaped  crystals  with  m.p.  241-243°  was  obtained. 

In  order  to  purify  the  a're'tjate,  it  was  dissolved  in  hot  acetone,  filtered 
with  carbon,  and  precipitated  by  the  addition  of  a  small  amount  of  water.  It 
was  in  the  form  of  colorless  needle-shaped  crystals  with  m.p.  245-246°.  For 
analysis,  the  product  was  dried  in  a  vacuum  desiccator  over  sulfuric  acid. 

0.^il6  ^  aub^tar.Ce.t  9*0  nil  Ns  (22®,  75^  mm). 

0.1490  g  substance:  0.1212  g  BaS04. 

Found  N  9.17;  S  11.17. 

C1TH14ON2S.  Computed  N  9.52;  S  10. 90. 

SUMMARY 

1.  The  condensation  of  a-halogen  ketones  with  thiourea  has  been  extended 
to  the  case  of  polycyclic  a-halogen  ketones. 

2.  2' -Amino-3,4-dihydronaphthotH.ia2Qle-l  .2  and  2' -amino-1, 2-dlhydrophenan- 
throthiazole-5,4,  along  with  various  derivatives,  have  been  prepared. 
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INVESTIGATIONS  IN  THE  FIELD  OP  AMINO  DERIVATIVES 


OF  THE  HETEROCYCLIC  SERIES 


IV,  THE  SYNTHESIS  OF  ALKYL  DERIVATIVFS  OF  3 -HYDROXYPYRIDAZINE 


V.  F  Kucherov 


Despite  the  fact  that  the  formation  cf  the  pyridazlne  ring  during  the  P3rr- 
olysis  of  the  semicarbazcne  of  ievulinic  acid  was  described  long  ago  [i];,  this 
method,  as  a  result  of  the  low  degree  of  accessibility  of  Y-ketoacids,  has  been 
limited  to  this  single  example,  permitting  the  preparation  of  6-methylpyr idazin- 
oae-5*  All  the  later  work  on  the  synthesis  of  amino  derivatives  of  the  pyrida- 
zine  series  Is  also  devoted  to  this  same  example. 

The  method  of  synthesis  developed  by  us  for  the  homologs  of  Y'keto  acids 
[3]  which  makes  it  possible  to  obtain  these  compounds  in  quantities  sufficient 
for  various  synthetic  purposes,  has  permitted  us  to  investigate  the  question  of 
the  preparation  of  the  different  homclcgs  of  pyridazlne  and  phenylpyridazine 
which  contain  an  alkyl  in  position  6. 

As  we  have  shown  by  the  examples  of  -ketononanoic  acid  (l;a)  and  7-niethyl 
-^-ketooctanoic  acid  (l,b),  the  pyrolysis  of  the  semicarbazones  of  these  acids 
(ll,a  and  II,  b)  results  in  the  formation,  with  sufficiently  satisfactory  yields 
of  5-^iy^oxy-o-n -amyl -4,5  •‘iibydrcpyridazlne  (ill,  a)  and  of  5-'bydroxy -6- isoamyl - 
-4,5-<IihydropyTidaz ine  (lll,b).  Despite  the  complicated  nature  of  the  decoraposi 
tlon  of  the  semicarbazones,  which  is  accompanied  by  the  formation  of  urea  and 
hydrazcdicarbaml de,  they  have  an  advantage  over  the  corresponding  hydra  zones, 
as  the  latter  are  unstable  in  preparation  and  storage.  The  use  of  the  semicarba¬ 
zones  of  the  esters  of  -keto  acids  gives  no  perceptible  advantages. 

The  treatment  of  5-h.ydroxy-6  •alkyl-5, ^-dibydropyridazines  with  bromine 
in  glacial  acetic  acid  leads  to  their  dehydration,  ard  to  the  formation  of  the 
corresponding  5 -hydroxy  o-aikylpyrida? ir.es  The  method  which  is  described  in 
the  experimental  part  enabled  us  tc  obtain  directly  5  •hydroxy~6-n-airylpyridazine 
(IV,  a)  and  5-hydroxy -6 -iscamylpyridazire  (iv^b),  bypassing  the  step  of  prepara¬ 
tion  and  purification  of  their  bydrebremides .  The  mechanism  of  the  reaction  can 
be  pictured  in  the  following  manner: 

RCOCHpCHpCCOa  RCCH2CH2COOH 

(I)  NNHCONH2  (II) 


a)  R  ==  CH3(CHp)4; 


\  The  formation  of  the  pyridazlne  ring  which  contains  the  phenyl  group  in 

position  2  takes  place  analogously,  by  the  pyrolysis  of  phenylhydrazines  of 
y-keto  acids.  In  this  case,  it  is  better  to  use  the  phenylhydrazines  of  the 
ethyl  esters  of  the  corresponding  y-keto  acids  (Via,  and  VI, b),  which  upon  pyr¬ 
olysis  give  2-phenyl-3-keto-6-alkyltetrahydrop>'ridazines  (vii,a  and  VII, b)  in 
yields  up  to  80^.  Tnese  transformations  can  be  pictured  according  to  the  fol¬ 
lowing  equations: 

RCOCH2CH2COOC2H5  RCCH2CH2COOC2H5 

(V)  ifNHCeHs  (VI )  . 


NCqHs 

(VII) 


a)  R  =  n-CsHii 

b)  R  =  IS0-C5H11. 


The  experimental  portion  of  the  present  work  was  carried  out  with  the  par¬ 
ticipation  of  Z.V. Volodina,  who  also  performed  the  analyses. 

EXPERIMENTAL 

1.  The  preparation  of  3-hydrGxy-6-D-a!3ylp:/Tidazine  (IV, a). 

a)  The  semicarbazone  of  L,ketononanolc  acid  (TI,a).  A  solution  of  32  g 
gf  4-ketononanoic  acid  in  oO  ml  of  methanol  was  slowly  mixed  with  a  solution  of 
21.6  g  of  semlcarbazide  hydrochloride  and  18,5  6  of  sodium  acetate  in  I30  ml  of 
50^  methanol.  The  warm  transparent  solution  immediately  began  to  form  a  needle- 
like  crystalline  precipitate;  precipitation  was  completed  by  2k  hours  of  stand¬ 
ing  at  room  temperature.  The  precipitate  was  filtered  off,  washed  with  a  small 
amount  of  cold  methanol,  and  dried  in  a  vacuum  desiccator  over  calcium  chloride. 
3k. 3  6  (81^)  of  uhe- semicarbazone  was  obtained  with  decomposition  temperature 
15^-158®.  After  recrystallization  from  absolute  alcohol  the  semicarbazone  had 
decomposition  temperature  157-159“ • 

0.1112  g  substance:  O.2152  g  CO2;  0.0842  g  H2O. 

Fo’und'  C  52.72;  H  8.42. 

C10H19O3N3.  Computed  C  52.38;  H  8.29, 

b)  3-Hydroxy-6-n-amyl-4,5-dlhydropyridazine  (lll,a).  32  g  of  the  semi¬ 
carbazone  of  '4-ketononanoic  acid  was  heated  on  an  oil  bath  at -180-190°  for  45 
minutes  until  the  frothing  had  almost  ceased.  The  product  of  pyrolysis  was 
cooled  and  treated  with  acetone.  The  residue  Insoluble  in  acetone  (l«6  g)  was 
filtered  off.  It  had  a  decomposition  temperature  of  240-242°.  This  product 
was  crystallized  from  hot  water  containing  carbon;  it  then  had  a  decomposition 
temperature  of  245-246°,  and  from  its  properties  and  its  analysis  appeared  to 
be  hydrazodicarbamlde. 

The  acetone  was  driven  off  from  the  acetone  solution  of  the  product  of 
pyrolysis,  and  the  residue  was  distilled  in  vacuum.  l6.2  g  (70^)  of  a  light 
yellow,  viscous  oil  with  b.p.  150-154°  at  5  mm  was  obtained.  After  a  second  dis¬ 
tillation,  the  3-hydroxy-6-n“amyl-4,5-dihydrop>'rldazine  had  b.p.  150-152°  at  5 
mm,  and  hardened  upon  cooling  to  give  a  low-melting  crystalline  mass. 

0.1135  g  substance:  O.2676  g  CO2;  0,1017  g  H2O. 

Found  C  64.] 6;  H  9,87. 

C9R16ON2.  Computed  C  64.25;  H  9-58= 

During  the  first  distillation  for  the  isolation  of  the  3--hydroxy-6-n-amyl- 
-4 ,5-dihyd2'opyridazlnc,  a  solid  substance  sublimed  on  the  walls  of  the  flask. 
After  crystallization  from  alco.hol,  this  appeared  to  be  identir.al  witli  urea. 


c)  J -Hydroxy -6  •3r:ylr%Tddaz_iye_/jy__jji_) .  To  a  solution  of  15  g  of  5''liyd- 
roxy-6'^-a^yl '^"^5 -d’-hydrcrvr idaz i’"e  ir.  20  ml  rf  clarlal  acetic  acid  there  was 
slowly  added,  with  stirring  and  cooling  to  12^15^^  a  solution  of  6,2  ml  (l9.5  s) 
of  bromine  in  15  ml  of  gla'ial  a-etic  a-'id.  At  the  end  of  the  reaction,  the 
color  of  the  bromine  was  still  present,  and  the  reaction  product  was  allowed  to 
stand  for  48  hours  at  room  temperature.  After  this  time,  the  excess  of  bromine 
had  been  completely  usel  up,  and  the  solution  had  a  light  yellow  color,  a  vigor¬ 
ous  'evolution  of  hydrogen  brcmide  was  observed  The  reaction  product  was  poured 
-Into  ten  times  the  volume  of  absolute  ether,  and  the  ethereal  portion  removed 
from  the  oil  which  separated.  This  oil  was  washed  twice  with  200  ml  of  absolute 
ether.  The  yellow  oil  which  remained  was  dried  in  vacuum  to  free  it  from  traces 
of  ether  *and  hydrogen  brcmide,  and  treated  with  400  ml  of  ice  water,  the 'ell  • 
being  thus  converted  intc  a  light,  Irv-melting  crystalline  precipitate  The  re¬ 
action  product  was  filtered  off.  wasned  with  water,  ar.d  dried  in  a  vacuum  desic¬ 
cator.  It  weighed  7«9  g,  m  p  43.46*.  The  reaction  product  was  very  soluble  in 
the  majority  of  the  usual  organic  solvents  and  could  be  recrystallized  from  a 
small  amount  of  absolute  ether  (needles)  or  from  a  small  volume  of  warm  water 
(platelets).  M.p,  5^“55' • 

0.1226  g  substance i  0,2912  g  CO5;  0.0940  g  H2O. 

0.1090  g  substancei  I6.25  ml  Np  '22°,  752  mm). 

Found  C  64.82;  H  8.51^  N  l6:9i- 

C9H14OK?.  Computed  C  65.O3,*  E  8.49;  N  I6.85, 

2.  The  preparation  ^ g-'~-3LmyIpyrldazlne  ^IV,b) , 

a)  The  semtearbazer e  of  7  ;met ryl -4 -ketc rct_^.rn_c  acid  ,b)  Obtained  in 

the  same  way  as  the  ?eml '  artarone  .f  ^ -ketone  1  and acid,  this  was  f'rmed  in  73^ 
yield.  After  recrystali Izat Icn  from  absolute  alcohol,  the  semicarbazone  had  a 
decomposition  temperature  of  i4l -142° .  • 

0,1134  g  substance:  0-2192  g  COp,  0,0866  g  HpO. 

Found  I0.  C  52,67;  H  8,59^ 

CicHisOjNp.  Computed  C  52=38;  H  8.29. 

b)  3'-Hydroxy-6  -Isoamyl  _ ^TIIj.b).  From  28  g  of  the 

semicarbazone  cf  7 -metnyl -ii  ketc 'C tanc  1  c  a~id  by  pyrolysis  ar.d  distillation, 
there  was  obtained  13  5  &  (86^'  cf  3  •nydrexy -6  •  1  soamyl -4  ,5 ’di'nydrcpyndazine 
in  the  form  of  a  ligr.t  yellow  oil  with  b,p  146-151°  at  5  mm.  After  another 
distillation,  the  substan'e  had  b.p  149.150°  at  5  and  it  hardened  upon 
cooling  to  give  a  lew -melting  crys'*:allir.e  mass. 

0.1194  ^  substanc  e:  0,2808  g  COp,  C  1020  g  EpO.. 

Found  C  64= i4;  F  9  49 
CsHieCNp.  Computed  C  64.25^  E  9. 59 

As  in  the  preceding 'case ,  the  reaction  for  the  formatter),  of  3 -hydroxy -6  • 
-Isoamy] '•4^5_dir;ydrci.3cr idazine  was  accempanied  by  the  fermatien  cf  urea  and  hyd- 
razodi carbamide 

c)  3 ^Hydroxy -6  -i sc&mv-rvridazlr.e  _(^IV,b)  -,  Upon  treatment  with  bromine,  a 
solution  cf  3-hydrcxy -o  •iscamyl-4  5 -dinydropyridazine  in  glacial  acetic  acid, 
carried  cut  as  in  the  preceding  case,  gave  8  =  5  g.^86.5%)  cf  a  cr yst a_.line  sub¬ 
stance  with  m.p.  59 '82' .  After  recrystali  i  zatinn  from  a  small  amcu.ni  'f  abso¬ 
lute  ether,  tne  product  was  obtained  in  the  form  cf  color  less,  '  need  le -sn.-i-ped 
crystals  with  m-p, 

0.]P34  g  substance.  C  2952  g  CO.-,  0,0934  g  ?-C. 

Found  C  65,24^  H  S'i^l  . 

C9Hi4C::p.  Computed  C  65. 03,  H  3.49. 


1 


3,  The  of  2-phenyl  -3-k»to--6-D  •amylttrtrahylrcpyrldazlr.e  (VII,a) 

a)  The  phenylhydrazone  of  the  ethyl  ester  cf  ^--ketopcnanoic  acid  (VI,a). 

To  a  solution  of  10  g  of  the  ethyl  ester  of  4--ke'ton':rianolc  acid  In  10  ml  of  abso¬ 
lute  alcohol  there  was  added  5.4  g  of  phenyl hydrai: me .  The  solution  was  boiled 
for  5  minutes  and  allowed  to  remain  at  rccm  temperature  for  48  hours  The  pre¬ 
cipitate  which  came  cut  was  in  the  form  of  large  plate-shaped  crystals.  These 
were  filtered,  washed  with  a  small  amount  of  absolute  alcohol,  and  dried  in  a 
vacuum  desiccator  over  CaCl^.  12.2  g  (64^)  of  the  phenylhydrazone  was  obtained 
with  m.p.  83-87®.  Upon  storage  in  the  air,  the  phenylhvdrazone  gradually  tarred. 
After  recrystallization  from  absolute  alcohol,  the  m  p-.  was  85-87®. 

0,1200  g  substance;  0,3098  g  CO^;  0,0964  g  H2O. 

Fo’unl  C  7C.40|  E  8.92. 

Ci7H2e02N2^  Computed  C  7O.3O5  H  9.02« 

b) .  2-Phenyl-3-^€?to -6  .n-amyl tetrahydrop\7’idaz ine  (yil 10  g  of  the 
phenylhydrazone  was  heated  on  an  ell  ba'^h  at  110  •  1-20®  for  2  hours  until  decomp¬ 
osition  ceased,  and  there  remained  a  viscous  brown  liquid.  This  was  distilled 
in  vacuum.  6  5  g  (76^)  of  a  light  yellow  viscous  liquid  with  b.p.  I86-I87®  at 
3  mm  was  obtained.  Even  after  the  first  distillation,  the  product  was  fairly 
pure. 

V  0.1178  g  substance;  0,3186  g  CO2;  0  O883  g  H2O. 

Found  C  73.765  H  8.33'. 

C15E20ON2.  Computed  C  73*73;  H  8.25. 

4.  preparation  of  2 -phenyl -3  ~keto-^6 -Isoamyl totrahvdropyridaz ine  (VII,b) 

The  pbenylhydrmcne  of  the  ethyl  ester  of  7-g'sthyl -4^.ket0o:tanoic  acid 
Prepared  like  the  preceding,  from  the  ethyl  ester  of  D -methyl -4-keto- 
octanolc  acid.  Yield  86.5^.  After  recrystallization  from  a  small  amount  of 
absolute  alcohol  the  phenylkydrazone  had  m.p,  81-82'^. 

0cl201  g  substance;  0  3C86  g  COp;  0.0950  g  H2O. 

Found  C  70=095  B  8.79, 

C17E20O2N2*  Computed  C  7C03O5  H  9»02, 

b_)  ^2--j^ieny2_;;3/;.ketc  •6^-i_soamyJ!  tejirm^  1  ^az_ine_(VII^b K  Obtained  in 

71^  yield  by  the  p>’Tolysi£  of  the  phenylhydrazone.  A  light  yellow,  viscous 
liquid  with  b.p,  l83-l84'  at  3  nini,  it  did  not  crystallize  upon  cooling.  ' 

0.1198  g  substance:  0,3252  g  COp?  0,0896  g  HpO. 

Found  ^5  C  74  025  E  8.31. 

Ci5H2oN20-  Computed  C  73,735  B  8.25, 

lo  Pyrolysis  of  the  semlcarbazcnes  of  4  .ketcnonanoic  and  7  •methyl-4 -keto  - 
octanolc  acids  has  given  the  correspcndi.ng  3  ■h}/’droxy-6-alkyl“4,5-dlhydropyridaz - 
ines , 

2.  The  ‘dehydration  of  the  3-hydroYy..6-alkyidihydropyrldazines  with 
bromine  in  acetic  acid  has  given  tr.e  3-hydro>y-6  -alkylp^Tldazines. 

3*  The  pyrolysis  of  the  phenylhydra zones  '•f  the  ethyl  esters  of  4..ketonona- 
noic  and  7-ni-thyl-4-keto:ctar.oic  acids  has  given  the  corresponding  2  •r.'nenyl -3  * 
kelc '6-a: kyltetrahydrcpyridazineSc 
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THE  ABSORPTION  SPECTRA  AND  THE  STRUCTURES  OF 


•  ANTIPYRETIC  DERIVATIVES  OF  PHENYLHYDRAZINE 

II.  ot-ACYLATED  DERIVATIVES  OF  PHENYLHYDRAZINE 


N.  A.  Valyashko  and  I  T  Depeshko* 

ProB  the  Laboratory  cf  Pharmaceutical  Chemistry  of  the  Kharkcy  Pharmaceutical 

Ine  ti tute 
SYNTHESES 

DloxjrpyTaraidcn.  Pyramidon;  in  addition  to  its  great  therapeutic  action, 
also  has  some  toxicity,  and  causes  secondary  symptoms. 

Charonnat  and  Delaby  [i].;  basing  themselves  on  the  observations  pf  A. Pictet 
[2]  that  the  addition  of  oxygen  to  the  tertiary  nitrogen  of  various  alkaloids 
considerably  dimlrlshes  their  toxic ity^  and  of  Max  and  Michel  Poloncvski  [■^j  that 
the  pharmacodynamic  action  is  not  thus  diminished  to  the  same  degree,  set  them¬ 
selves  the  task  of  improving  pyramidon,  by  Introducing  oxygen  and  ‘•'hus  decreasing 
its  toxicity.  Charonnat  and  Delaby  [-]  used  for  the  oxidation,  of  pyramidone  the 
general  method  for  the  preparation  cf  amino  oxides  by  oxidation  with  perhydrol 
(Bamberger  and  Tchirner  [•*]''.  Experiment  shoved  that  two  atoms  of  oxygen  were 
added  to  the  pyramidon,  but  contrary  to  expectations,  the  substance  obtained  by 
oxidation  did  not  have  the  properties  characteristic  of  amino  oxides  .  Cbarcnnat 
and  Delaby  [n]  determined  the  ccmposltirn  of  the  substance  they  had  obtained  by 
analysis,  and  determined  its  structure  by  the  synthesis  of  two  ccmp'unds  they 
obtained  by  carefully  hydrolyzing  it?  3^  3“niethylaoetylphenylhydrazir.e  ard  dl  • 
methylamldcoxalic  acid.  They  called  the  substance  they  had  obtained  ’•  dioxyp^T - 
amidon"  on  the  l^asis  of  the  fact  that  its  overall  formula  differed  from  that  of 
pyramidon  by  2  oxygens.  According  to  Charonnat  and  Delaby  [i],  the  structure 
of  dloxypyramldon  can  be  represented  by  the  formulae 

/C0C0N(CH3)2 

C6H5-N  ( 

I 

Dloxypyramldon  appeared  to  be  less  toxic,  while  keeping  the  same  sedative 
and  antipyretic  properties,  and  had  in  addition,  a  definite  narcotic  actiou 

Dloxypyramldcn  is  very  soluble  in  water.  Solutions  of  dloxypyramldon,  as 
well  as  dloxypyr amidon  itself  after  melting,  do  not  crystalline  In  the  absence 
of  a  primer.  When  a  small  crystal  of  dioxj'pyramidon  is  thus  used,  dioxypyram- 
iden  crystallizes  frem  aqueous  solution  in  the  form  of  colorless  prisms.  Char  • 
onnat  and  Delaby  determined  the  molting  point  In  a  mercury  bath  to  be  IC5  5”. 
vhile  heating  in  a  capillary  g-^ve  a  m,p  f  96"  We  determined  •♦.ho  melting  point 
in  a  capillary  tube  ir.  sulfuric  acid,  and  found  tnat  dicxypuramldon  began  to 
soften  at  9^'  and  mel'^ed  to  giv^i  a  cclcrless  liquid  at  103-lOt'^  without  ar.v 

Taken  from  Carirlirfato  s  Dissertntiun  of  I.  T.  Depeshko  whicJi  was  defended  in  the  Kharkov  Phamacoutical 
Institute  in  vay  IP}]. 


sharp  Lrarisition.  The  taste  is  sotnevhat  bitter,  as  with  pyramidon,  aiid  there 
is  no  odor.  The  hydrochloride  of  dioxypyramidon,  prepared  according  to  the 
method  of  Charonnat  and  Delaby,  is  a  crystalline  mass  with  an  HCl  odor,  the  HCl 
being  lost  gradually  upon  standing  over  caustic  soda.  According  to  Charorucat 
and  Delaby  [i],  dioxypyramidon  gives  only  two  reactions  which  are  common  for 
antlpyrine  and  pyramidon.  Antipyrlne,  pyramldon,  and  dioxypyramidon  reduce 
Fehling's  solution,  and  when  heated  with  a  solution  of  potassium  ferricyanide 
and  a  few  drops  of  hydrochloric  acid,  they  give  dark  green  colors, 

g, 3-<Diacetyphenylhydrazine.  a, 3-Diacetylphenylhy'irazine  was  obtained, 
according  to  the  ipethocf  of  Michaelis  and  Schmidt  [e],  by  heating  3^acetylphenyl- 
hydrazine  to  80®  for  5  to  10  minutes  with  acetic  anhydride.  The  cooled  mass  was 
colored.  After  standing  in  a  cool  place,  it  crystallized.  It  was  recrystallized 
from  alcohol  with  activated  carbon  and  several  times  from  pure  alcohol.  a,3“di-. 
acetylphenylhydrazine  was  in  the  form  of  a  colorless  crystalline  powder,  easily 
soluble  in  water  and  alcohol;  more  difficultly  soluble  in  ether,  ethyl  acetate, 
and  petroleum  ether.  M,p.  108“ ;  according  to  Michaelis  and  Schmidt  [s]^  the 
m.p.  is  also  108®, 

g -Acetylphenylhydrazine ,  g-Acetylphenylhydrazine  was  prepared  from  g,3- 
diacetylphenylhydrazine  by  the  method  of  Widman  [7],  by  partial  hydrolysis,  by 
heating  on  a  water  bath  to  70  or  80'' .  The  cooled  liquid  was  shaken  4  times 
with  chloroform;  this  extracted  the  g, 3 -dlaceiylpherylhydrazine  and  the  g-acetyl- 
phenylhydrazine.  *  After  the  chloroform  had  been  driven  off,  the  remaining  oil 
easily  crystallized,  and  the  crystalline  residue  of  g-acetylphenylhytazine  was 
washed  with  cold  ether  to  remove  phenylhydrazlne .  The  recrystalllzatlon  was 
carried  out  from  alcohol.  The  g-acetylphenylhydrazine  obtained  was  in  the  form 
of  a  colorless  crystalline  powder,  very  soluble  in  alcohol,  benzene,  chloroform, 
and  hot  water;  slightly  soluble  in  ether,  ligroln,  and  petroleum  ether;  Insol- 
,  uble  in  alkalies.  It  dissolved  in  the  presence  of  acids,  M-.p,  126®,  According 
to  Widman  [7],  the  m.p.  was  124-125°;  according  to  Pechmann  and  Range  [a],  the 
m.p,  was  125-126®. 

g- (Pimethylamido^xalyl ■  -3 -metbylphenvlhydrazine.  Charonnat  and  Delaby 
[1]  carried  out  the  complete  hydrolysis  of  dicx;.T)yTamldon  with  dilute  sulfuric 
acid  to  give  3-niethylpherylhydraz ine,  using  steam  to  distil  off  the  acetic  acid. 
Basing  ourselves  on  their  experiments,  and  on  the  data  of  Widman  [‘^J  on  the 
preparation  of  g-compounds  of  phenylhydrazine,  we  subjected  dioxypyramidon  to 
the  action  of  sulfuric  acid  without  the  action  of  steam,  • 

26.4  g  of  dioxyp>'ramidon  and  200  ml  of  a  normal  solution  of  sulfuric  acid 
were  heated  for  5  hours  in  a  flask  with  a  reflux  condenser;  the  liquid  had  the 
odor  of  acetic  acid,  and  was  colored  slightly  yellow:  It  was  neutralized  with 
a  normal  solution  of  caustic  soda.  The  solution  was  extracted  three  times  with 
chloroform,  and  the  chloroform  extracts  were  evaporated  by  blowing  dry  air  ’ 
through  them.  The  oily  residue  obtained  crystallized,  and  the  crystals  were  re- 
crystallized  from  dilute  aicohol,  g  •  (Din:ethvlaniidcoxalyl)..3-methylphenylhydraz- 
Ine  was  In  the  form  of  a  colorless  crystalline  pewder  with  m.p,  124®^  soluble  in 
water,  alcohol,  and  chloroform,  slightly  soluble  in  petroleum  ether.  The  molec¬ 
ular  weight  was  determined  by  the  method  _f  Past  [s],  and  by  the  modified  method 
of  Rast  and  Carlsohn  [lo],  by  means  of  the  freezing  point.  A  molecular  weight 
of  216  was  obtained;  that  calculated  from  the  formula  was  221. 


Tne  quantitative  determination  of  dl 
3 -methylpher.ylhydr az i.ne  .  To  6.5  g  of  the 
solution  of  caustic  soda  The  dimethyl ami 
a  O.i  N  solucicn  of  hydrochloric  acid.  Tn 
acid  solution^  which  corresponded  to  0,084 
an  alcchclic  solvticn  of  picric  a' id  the 


nothvl  ^  amine  -Hiidccxalyl )  - 

sue  stance  there  was  added  1C  ml  of  a 
ne  was  distilled  off  and  collected  in 
is  used  up  iS  6  ml  of  0,1  I?  hydrocr.lcric 
g,  v-r  16.8^,  of  dirtethylarain.e .  In 
dini';'t':yl  a.T.l''e  gave  a  pi  rate  with  mp,  155* 


*The 


llQuid  was  then  ncutra]l7f‘d  with  caustic  Sv>Ja  and 


ana In  ahakon  1 


with  chlorofcrt:. 
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A  further  investlgat irri  vas  made  cf  the  t ran?fomat Ion  of  g-fdl- 

methylamldooYalyl )  -0  -tre*  h/lph«nylhvdja:i^e  means  cf  acetyl¬ 

ation.  2.^g  of  a-Tdimotr.yiamidccxalyl) •-0”metr.yiprc:r.ylh2/drazine  and  1,5  g  of 
acetic  anhydride  were  heated  on  the  water  bath  for  about  minutes.  Upon  evap - 
■  oration,  a  non-crystallizing  mass  was  obtained^  this  did  crystallize  after  a 
small  crystal  of  dloxypyramldon  was  added  to  it.  After  crystallization  from 
water,  about  5  g  of  material  with  m.p.  105 -lOU  '  vas  obtained.  When  this  was  mixed 
with  pure  dloxypyramldon,  the  melting  point  remained  unc. hanged.  These  experiments 
showed  that  only  the  splitting  off  of  the  0-aretyl  group  of  dioxypyramldcn  ac¬ 
tually  took  place. 

The  methyl  ester  of  cxalyjmejhylanilid^^  As  the  starting  materials  for 
this  synthesis  we  used  the  metnyl  ester  cf  cxaiit  acid  and  methylanillr.e ,  The 
methyl  ester  of  oxalic  acid  was  prepared  from  anhydrous  methyl  alcohcl  and  an¬ 
hydrous  oxalic  acid  by  the  method  described  for  the  ethyl  ester  of  oxalic  acid 

[11]. 

We  prepared  oxalylmethylarilllde  by  the  method  of  Pickard,  Allen,  Bovdler, 
and  Carter  [12].  17.2  g  cf  the  methyl  ester  cf  cxallc  ester  and  l6,2  g  cf  methyl 

aniline  were  heated  on  an  oil  bath  to  I52"  for  k  to  5  hours  -  The  mass  obtained 
vas  subjected  to  fractional  distillatlcn.  The  fraction  with  b.p,  173**  (l3  nun) 
vas  in  the  form  of  a  light  yellowish  liquid,  soluble  in  alcohol,  and  soluble  with 
more  difficulty  in  petroleum  ether.  According  to  lander,  its  b.p.  is  170-175° 

(13  mm) . 

The  Absorption  S^e^t^ra  cf  ji^;A:yla_t eji  Per lya'*:  Ives  of  Phenylhyjraj^ine 

and  Dioxypyramldcn  , 

The  Investigation  cf  the  absorption  spectra  of  dioxypyramidon  and  an  eluci¬ 
dation  of  its  structure  "at  first  offered  considerable  difficulty.  T>ie  absorption 
spectrum  of  dioxypyramidon  differs  from  that  cf  other  pr.eviously  studied  0  -acyl- 
ated  derivatives  cf  phenylhydrazine,  and  has  only  a  single  strong  absorption  band 
in  the  far  ultraviolet,  whose  origin  vas  unclear.  As  dioxypyramidon,  according 
to  Charonnat  and  Delaby,  is  a  - (dlmethylaraldocxalyl )  0 -methylacetylphenylhydra- 

zine: 

C0-C0-N(CR->)p 

(  >-  N— n-'-CO- CH^ 

VV  a  0| 

CHs 

and  contains  an  acyl  gr^up,  dimethylamldccxal yl ^  in  the  a-posltlon,  the  a -acyl - 
ated  derivatives  of  phenylhydrazice  were  investigated;  a -acetylphenylhydrazine , 
a,0 -diacetylphenyl^iydrazire  ,  a  •  Mimetr.yiamidocxalyl}  .6  •methylphenylhydra?  ine, 
and  the  methyl  ester  of  oxal ylmethylanilido.  The  spectra  of  these  compounds  made 
it  possible  to  analyze  the  absorption  spectrum  of  dioxypyramidon,  and  are  there¬ 
fore  described  first, 

/:o-ch3 

•  The  absorption  of  a  -acetylphen  • 

_ _ rfH^  _ 

ylhydrazine  in  solution  in  hexane  frcui  10 ‘3  to  5^10 mol.  (Curve  2,  Fig,  l) 
begins  at  K-  2930  A  and  e  -  lOCO,  and  runs  parallel  t.c  the  alcohol  c’urve^  but 
the  maximum  is  somewhat  lever  and  is  displaced  by  65  A  toward  the  visible  region. 

a-Acetylphenylhydrazine  in  alcchcl  _,  in  concentrations  from  10  to  5'10~^ 
mol.  (Fig.  1;  Curve  l)  gives  a  curve  which  begins  at  X  =  3170  A  and  e  -  1,  then 
reaches  a  maximum  at.  X  =  2^00  A  and  e  =  8OOO,  and  a  minimum  at  X  2235  A  and 
e  =  3200.  The  solution  5 ’ 10  -  mol.  in  alcohcl,  after  standing  for  a  day,  did  not 
.  give  any  change  in  the  curve.  Upon  ccniparing  the  curve  of  B -acetyl pnenyl hydra  • 
zine  with  the  curve  for  a -acetylphenyihydraz me  in  alcohol  (Fig,  Curves  1  and  3) 


173 


TABLE  1 


a-Acetylphenylhydrazlne  in  hexane  from  lO”'^  to  5 ‘10”^  mol,  (Flg.l^  Curve  2) 


\ 

e 

X 

e 

X 

e 

2930 

100 

2570 

5000 

2290 

minimum 

3500 

2880 

160 

2500 

maximum 

7000 

221*0 

3500 

2850 

250 

21*30 

7000 

2190 

5000 

2750 

1000 

2350 

5000 

2120 

10000 

TABLE  2 

-Acetylpheny 

Ihydrazlne  In  alcohol  from 

10"^  to  5 “10' 

mol.  (Fig. 

L,  Curve  l) 

X 

e 

X 

e 

X 

e 

3170 

1 

2610 

3000 

minimum 

2220 

3200 

3120 

2.5 

2500 

7000 

2210 

1*000 

3030 

10 

2460 

8000 

2190 

6000 

3000 

20 

maximum 

•231*0 

8000 

2180 

7000 

2930 

60 

•  2300 

7000 

2160 

10000 

2890 

2715 

100 

1000 

2290 

minimum 

6000 

3200 

2150 

12000 

2250 

• 

TABLE  5 

AcetyLphenylphenylhydrazlne  In  alcohol^  from  10  ^  to  5 “10”^  mole  +  100 -mol, 

HCl  (Fig.  2,  ChiTve  2) 


X 

e 

X 

e 

X 

,  e 

3100 

1 

2855 

ICO 

2310 

8000 

3020 

3 

2770 

300 

221*5 

10000 

2980- 

6 

2650 

1000 

2215  ■ 

12000 

2955 

10 

2520 

3200 

2150 

16000 

2925 

25 

21*50 

6000 

2110 

20000 

2880 

60 

ii;axlmum 

2395 

7000 

f 

- 

TABLE  k 

a-Acetylphenylhydrazlne  in  alcohol  from  5“  10““^  to  10”'^  mol.  +  10  mol 

NaOC2H5  (Fig.  Curve  2) 


X 

_ e _ 

X 

e 

X 

e 

3020 

200 

r'*oo 

7000 

2260 

2600 

2860 

600 

max  im'jc 

2360 

7000 

2240 

'  2600 

267c 

1600 

2300 

4000 

2150 

10000 

2 


Fig.  1.  CeH^rN  \ 


X  aacetylphonylh>drazino  in  alcohol  from* 

10’  ^  to  5*10  ^  mol.  2  it  acetylphenj’l-_ 
hydrazine  in  hexane  from  10  3  to  5* 10  ^ 

Bol. ;  3-^* acetylphenylhydrazine  in  alcohol 
from  10  3  to*Jn'  •  mnl  _  .1- Arpt-nn  i  1  i  Ho 


4- acetanilide. 


according  to  Klingstedt,  in  alcohol. 


'L 


,C0CH3 


Pig.  2,  I't  acetylphenylhydrazlne  in  alcohol  from 
10  ^  to  10'^  mol.  ;  ?  <X  acetylphenylhydrazine  in  100 
mol.  HCl  from  10'^  to  5’ 10  ^  mol.  3  CL  acetylphenyl' 

C 

hydrazine  in  5  molar  HCl  from  10  to  5' 10  mol 
4  (X- acetylphenylhydrazine  in  100  mol, HCl  from  10 
after  day  s  standing- 


It  is  clear  that  when  the 

acetyl  group  is  Introduced 

into  the  a-position  instead 

of  the  the 'spectrum  of 

the  phenylhydrazine  type 

with  two  regions  is  not 

formed,  while  the  spectrum 

of  a-acetylphenyl hydrazine 

shows  a  great  similarity  to 

the  curve  for  acetanilide  in  alcohol  [ 

acetanilide  curve  at  e  -  1000  forms  a 

sorption  region  of  a-acetylphenylhydra 

maximum  of  acetanilide  is  l.p  times  as 


Fig.  3.  1  0£  acetylphenylhydrazine  in  alcohol  from 
10  ^  to  10  ^  mol.  2  Ot  acetyl phen>lh.vdrazine  from 
5»10  to  10  ^  mol-  -^10  iipl-  Na0C;H6  ^  ®  acetyl 
phenylhydrazine  in  alcohol  from  10  ^  to  10  **  mol, 
in  2  mol,  Naoc^Hs-'i  Ot  acetylpheni-lhj'drazine  in  al 
cohol  from  5  10  to  10  10  mol.  NaOC^Hs  after 

day  B  standing  SjOi  acetyl phcnr.’lhydrazine  in  al 
cohol  fran  10  ^  to  .10  **  in  2  mol  NaOC.-H..  6  ^  acetyl 
phenj  lhydra.r.’.ne  in  alcolicl  from  10  mbl*  in  2  molar 
NacxC;'fi5  after  day  s  standing  neutralization  with  HCl 
excess  5  mol.  7  phcnylhydraznnc  in  alcohol  from 
10  ^  to  10  mol 

] ,  with  only  this  difference,  that  the 
small  bend,  upon  which  the  edge  of  the  ah' 
zine  is  superimposed,  and  the  absorption 
high. 


TABLE  5 

a-Acetylphenylhydrazlne  from  lO’^  to  10  ^  mol.  in  2  molar  NaOC2H5 

(Fig.  3#  Curve  2) 


A 

e 

A 

e 

3080 

100 

2700 

•  3000 

2990 

300 

2630 

4000 

2950 

500 

2530 

7000 

2810 

1300 

2470 

maximum 

8000 

maximum 

2340 

2380 

miminum 

2280 

2230 


8000 

7000 

7000 

10000 


TABLE  6 

a<-Acetylphenylhydrazine  to  10”“^  mol.  +  10  mol.  NaOCgHs 

after  day's  standing  (Fig.  3^  Curve  4) 


A 

e 

A 

e 

A 

e 

3100 

200 

2910 

4000 

2430 

6000 

3075 

600 

maximum  . 

2770 

4000 

maximum 

2350 

6000 

3040 

1000 

2730 

3200 

2300 

5000 

3010 

1200 

2670 

2600 

2250 

3200 

2990 

1400 

minimum 

2640 

2600 

2130 

10000 

2565 

1600 

2550 

4000 

2930 

.  3200 

2500 

5000 

TABLE  7 


d-Acetylphenylhydrazine  from  lO”® 
after  day's  standing 


to  10  ^  mol.  in  2-molar  NaOCsHs 
(Fig.  3,  Curve  5) 


A 

e 

A 

e 

- yL - 

e 

3200 

3145 

.  3110 

3090 

3050 

2960 

100 

300 

800 

1000 

1300 

3000 

2860 

maximum 

2770 

2700 

2660 

minimunT 

2620 

2560 

5000 

5000 

4500 

2500 

_  2500 

3500 

2480 

maximum 

*  2330 

2250 

minimum 

2215 

2200 

2160 

5000 

5000 

2500 

2500 

3000 

8000 

a-Acetylphenylhydrazine  in  alcohol  from  lO"-^  to  5 “10"“  mol.  +  100  mol  HCl 
(Fig.  2,  Curve  2).  The  curve  hegirsat  K-  3100  A  and  e  =  1;  and  runs  parallel  to 
the  alcohol  curve,  but  is  displaced  60  A  toward  the  short  waves,  and  in  place  of 
the  maximum  of  the  region  forms  only  a  bend  in  the  curve  at  A  =  2450  A  and  E- 
7000,  as  a  result  of  which  the  absorption  in  the  far  ultraviolet  is  increased 
and  begins  at  A  =  2110  A  and  s  =  20,000. 

Curve  3  (Fig.  2)  for  absorption  in  5-®ola2:'  HCl  coincides  with  the  previous 


TABLE  8 


a-Acetylphenylhydrazlne  from  10'”^  mol.  In  2 -molar  NaOCgHs  after  day's’ 
standing  and  neutralization  with  HCl  with  5  mol,  excess  (Fig.  3,'^urve  6V- 


A 

c 

A 

e 

A 

'  e 

2900 

1000 

2625 

3000 

2325 

6000 

2875 

1300 

2565 

1600 

2285 

7000 

2770 

5500 

minimum 

2530 

1600 

2200 

8000 

2735 

uooo 

2510 

2000 

maximum 

2160 

8000 

maximum 

1 

1 

2660 

l^OQO 

2390 

5000 

2110 

7000  ■ 

TABIE  9 


Name 

1  Band  I 

^nd 

'll 

A 

e 

A 

•  5 

Acetanilide  In  alcohol  ..0  . 

2400 

13500 

a-Acetylphenylhydrazlne  In  hexane  . . 

2465 

7000 

In  alcohol 

2400 

8000 

In  alcohol  -h  100  mol ,  HCl  and  I 

In  5  molar  ECl 

2450 

7000 

a-Acetylphenylhydrazlne  10  mol  NaCCpH5  . 

2380 

7000 

a-Acetylphenylhydrazlne  +  10  mcl,  NaCCpHc  after  day's 

standing 

26^^0 

4000 

2390 

6000 

a-Acetylphenylhydrazlne  In  2-molar  NaOCpH^ 

2405 

8000 

a-Acetylphenylhydrazlne  In  2-molar  NaCCpH5  after 

days  standing 

2815 

5000 

2405 

5000 

a-Acetylphenylhydrazlne  In  2 -molar  Na0CpH5  after  • 

day's  standing  and  neutralization  with  HCl 

-f  5  mol .  excess  ....a , 

2698  j 

UOOO 

2180 

8000 

Phenylhydrazlne  In  alcohol  -f  100  mol,  HCl 

2765  i 

1000 

2270 

8000 

Phenylhydrazlne  In  alcohol  0..,. , 

2828  J 

1600 

2410 

9000 

curve,  and  In  the  presence  of  100  mol.  of  HCl,  after  standing  for  a  day  (Fig.  2, 
curve  1b  shifted  still  more  toward  the  ultraviolet  and  shows  a  decreased  max¬ 
imum  at  A=  2300  A  and  s=  6000.  With  an  excess  of  hydrogen  chloride,  a-acetyl- 
phenylhydrazlne  can  form  a  salt  compound  by  means  of  Its  3-anilno  group.  This 
might  explain  the  displacement  of  the  maximum  toward  the  ultraviolet  and  the  in¬ 
creased  absorption  In  the  far  ultraviolet. 

a-Acetylphenylhydrazlne  In  a  solution  In  alcohol  from  ^■•10“'^  mol  to  lO”'^ 
mol.  +  10  mol.  NaOCpHs  (Fig.  3,  Curve  2)  was  "Investigated  Immediately  after  the 
addition,  and  gave  an  absorption  curve  which  began  at  a=  3030  A  and  e=  200 
and  was  displaced  from  the  alcohol  curve  toward  the  long  wave  side  by  I5O  A. 

At  C=  1300  it  Intersected  the  alcchcl  curve,  and  on  being  displaced  toward  the 
abort  wave  side,  formed  a  m.axlmum  at  a-  2^80  A  and  £-  JOOO.  Curve  3  (Fig.  3) 
for  the  absorption  of  a -acetylphenyl hydrazine  in  a  2-molar  solution  of  sodium 
alcoholate  was  measured  immediately  after  mixing,  and  showed  the  same  displace'*- 
ment  of  the  long  we.ve  edge  of  the  band,  Vvben  the  solutions  were  Investigated 
In  the  presence  of  10  mol  sodium  alcoholate  and  in  2  molar  sodium  alcoholate  af¬ 
ter  standing  for  a  day,  the  curves  obtained  (U  and  5  of  Fig,  3)  had  tv,*o  of  the 
absorption  bands  of  phenylhydrazinc .  The  solution  in  2  molar  sodium  alcoholate. 


after  standing  for  a  day  and  being  neutralized  with  HCl  with  an  excess  of  5 
mol  HCl  gave  the  same  two  absorption  bands  (Curve  6,  Fig.  5^  Table  8),  but  in 
greater  intensity  than  for  phenylhydrazine,  while  the  entire  curve  was  displaced 
.■'  tcuard  the-  ultraviolet 

' The ’absorption  spectrum  of  a-acetylphenylhydrazine  loses  its  similarity  to 
the  spectra  of  phenylhydrazine  and  the  latter's  3-substituted  derivatives  and 
becomes  similar  to  the  absorption  spectrum  of  acetanilide.  It  is  fairly  stable 
the  action  of  alcoholic  solutions  of  HCl  and  NaOCsHs,  although  under  tfie  in¬ 
fluence  of  the  former,  absorption  is  displaced  toward  the  ultraviolet,  while  un¬ 
der  the  influence  of  the  alcoholate  it  is  displaced  toward  the  long  wave  side. 

.action' of  sodium  alcoholate  may  possibly  be  expressed  by  its  addition  to  the. 
carbonyl  group ;  which  at  the  very  beginning  results  in  a  displacement  of  the 
limit  of  the  band  toward  the  long  wave  side?  this  displacement  is  then  developed  • 
Into  a  new  absorption  band  of  considerable  Intensity.  The  absorption  spectrum 
thus  formed  may  be  considered  as  arising  from  a  superposition  of  the  new  absorp¬ 
tion  band  upon  the  spectrum  of  a-acetylphenylhydrazine.  This  absorption  spectrum, 
after  the  solution  of  the  alccliclate  is  acidified  with  an  KTI  solution/  does  not 
again  go  ver  ir.*o  the  absorption  spectrum  of  a-acetylphet:ylhydrazine  and  does  not 
comp-cetely  correspond  to,  that  of  the  hvdrazox  form  of  phenylhydrazine,  whi'ch  must 
be  formed  as  a  result  of  the  splitting  off  of  the  a-acetyl  group.  As  the  absorp- 
ti''.  spectrum  of  phenylhydrazine  in  the  presence  of  sodium  alcoholate  has  not  yet 
been  1  ve'^'^igated,  it  was  impossible  to 'determine  the  origin  of  the  change  with 
any  accuracy.  _  CO^CHa 

g. 3-Diacetylphenylhydrazlne,  CeHs-N^  ,  in  solution  in  hexane  from  ' 

NH-COCHa 

^“]G  ^  to  5 "10  ^  mol.  (Fig.  Curve  2)  formed  a  maximum  of  the  absorption  band 
at  A=  2400  A  and  e  =  10,000,  and  the  entire  curve  was  displaced  by  ^0  A  toward 
the  visible  region  from  the  alcohol  curve. 

TABLE  10 


a-S-Diacetylphenylhydrazine  in  hexane  from  ^'lO””^  to  5‘*10”^  (Fig.  4,  Curve  2) 


A 

e 

A 

!  e 

A 

e 

2880 

200 

2450 

10000 

2250 

4000 

2780 

1000 

maximum 

2550 

2285 

10000 

minimum 

2230 

2135 

4000 

2440 

< 

3200 

1 

6000 

14000 

TABLE  11 


a-3-Dia:.e»^ylphenylhydrazine  in  alcohol  from  lO”^  to  5'10“^  mol,  (Fig.  4,  Curve  l) 


X 

e 

A 

e 

A 

e 

3190 

3140 

3085 

3060 

2885 

1 

2.5- 

6 

10 

100 

2840 

2730 

2630 

2).  35 
maximum 

2350 

250 

1000 

3000 

10000 

10000 

2290 

2250 

minimum 

2225 

2170 

2145 

7000 

5000 

5000 

10000 

16000 

Ir/ith  a, 3 -diacetyl phenylhydrazine  in  solution  in  alcohol  from  10“^  to  5*10"^ 
rac'_.  '^Fig.  4,  Curve  l)  absorption  ocgan  at  \=  3190  A  and  e  =  1,  and  formed  an 
absr-rpti,-'.  maximum  at  a-  2393  A  and  e=  10,000,  and  a  minimum  at  A  =  2328  A 


.V  »  35  ?2  » 

yfCOcrxr 


inm 

■■■■■I 


irai 


iHu; 
iiffj 
ifiii 


A *•  J/(cr)  32  "*0 


£?  26  2u  22  2000 


nnirffli 


» 

iriaii 

ifii 


IfilBI 

,  iruBi 

BBBBI 
BHifll 
niiflii 
IIIBBI 
iipi 

mmi 

ir/iBi 


IH-COCHa 


1  <Ij3  diacetylpheny Ihydrazine  in  alcohol  from 
10'^  to  5*  10  ®  mol.  2  T  p  diacetylphenylhydra 
zlne  In  hexane  from  5*  10  to  5*  10  ^  mol. 

3-0£,  P-diacetylphen>  Ihydrazine  in  alcohol  from 
4*i0'^  to  4*10*^  mol.  after  day  s  standing 
4  CL  acetylplienylhydrazine  in  alcohol  from 


10  ^  to  5-lo’^  mol.  5  3- acety  Iphenylhydrazine 
in  alcohol  from  10  ^  to  10  mol 


GeHs-N 


‘C^"CH3 


Fig-  5 


NH-CO-CH3 


1'0C,{:5  diacetylphenylhydrazine  in  alcohol  from 
10  ^  to  5‘10'®  mol,^  2  (X.3  diacetylphenylhydrazine 
in  alcohol  from  10’^  to  5- 10  ®  mol  *  100  mol  HCl 
3  Cl  3  diacetylphenylhydrazine  in  alcohol  in  5  molar 
HCl  firom  5  10  ^  to  5  10  ®  mol- 

pig,  R,  I  ft  3  diacetylphenylhydrazine  in  alcohol  from 
10  ^  to  5  10  ^  mol  2  Ot.3  diacetylphenylbydiazine  in 
alcohol  from  5.10  ^  to  5  10  ^  mol  10  mol,  Naoc^Hs 
3  0!, P  dlacetylphcnylhj'drazinc  in  alcohol  10  ^  mol  ^ 

10  mol  NaOCiHi  after  day  s  standing  4  Ot  3  diacetylphc 
nylhydrazino  in  alcohol  in  2  molar  NaOC^Hs  from  10  ^  to 

5  16  ^  mol  5  fli. 3  di^etylphenylhvdrazlnc  in  a’cchol 
in  2  molar  NaOC^Ho  from  10  mol  after  day  s  standing 

6  Phcnylhvdrazlne  in  alcohcl  from  10  ^  to  10,-^  mol  . 


j 

i 

j 

TABLE  12 

[  a,B-Dlacetylphenylbydra2ine  in  alcohol  from  to  5*10”^  mol. 

*+ 

1 

! 

f 

1  _ 

100  mol  RCl  (Fig.  5>  Curve  2) 

1 

*'  1 

1 

i  ^ 

_ e  _ 

K 

e 

K 

e 

• 

1  3140 

1 

2840 

100 

2300 

8000 

- 

3090 

2.5 

2720 

1000 

minimum 

2260 

8000 

3030 

6 

2420 

lOOOO' 

2240 

10000 

\ 

1  3000 

10 

maximum 

2360 

10000 

2170 

16000 

! 

f 

TABLE  13 

[  a, 3-Dlacetylphenylhydraziae  from  5' 

*10  ^  to  5*10”^  mol.  +  10  mol.  1 

NaOCsHs.  (Fig.  6, 

Curve  2) 

I  •  A _  i  • _ e  _ 1 

\ 

e 

K 

e- 

1  3230 

1 

20  j 

1  273c 

2600 

2300 

7000 

J  3150 

140  j 

2615 

3200 

2250 

6000 

1  3100 

200  ! 
1 

2440 

10000 

minimum 

2225 

6000 

1  2910 

1 

1000  i 

1 

maximum 

2360 

10000. 

2220 

7000 

2790 

2000  . 

1  2320 

8000 

2165  j 

j  14000 

- 

TABLE  14 

a, 3-Diacetylphenyl hydrazine  from  10*^  to  5 *10' 

In  2-molar 

■ 

NaOCaHs.  (Fig. 

6,  Curve  4) 

n 

L  . 

_ t _ 

K 

t 

3200 

1 

100 

1 

:  2560  j 

8000 

minimum 

2225 

.4000 

2970 

1 

800 

!  maximum 

2335 

7000 

2215 

■PiH 

2520 

5000 

2285 

5000 

2190 

2400 

8000 

2255 

4000 

2160  : 

maxi  mum 

‘  minimum 

TABLE  15 

■ 

1  a,3-Diacetylphenylhydrazine  10”^  mol.  +  10  mol 

NaCCsHs  after 

standing  for  a  day  (Fig. 

6,  Curve  3^ 

______  A _ 

i_. _ _ _ A _ 

E 

3050 

i  2710 

2520 

6000 

2870 

j  2430 

ioooo 

' 

2790 

i  2660 

1  maximum 

10000 

:  2360 

2770 

;  minimum 

!  2590 

1  .  2550 

1 

•  2300 

6000 

maximum 

2730 

8000 

1 

!  5000 

i 

.  minimum 

;  2235 

6000 

2715 

_ LLLLh _ 

7000 

1  ■ 

j 

i 

TABLE  16 


a,  3 -Dlacetlo''lpheny]  hydrazine  from  10  *  ncl ,  In  2-molar  NaOCpHc 
after  standing  for  a  day  (Fig.  6^  Curve  5^ 


X 

e 

X 

e 

A 

"  e 

3120 

1000 

2600 

6000 

maximum 

2350 

8000 

2840 

7000  ' 

'  -  2560 

5000 

2320 

7000 

2770 

10000 

1  minimum  - 

2500 

5000 

2285 

-  6000 

maximum 

2710 

10000 

21,30 

7000  ; 

'  ( 

minimum 
;  2240 

6000 

2635  ! 

1  7000 

2390  j 

i  8000 

2180 

10000 

TABLE  17 


Name 

Band  I 

Band 

A 

£• 

A 

£ 

a-Acetylphenylhydrazine  in  alcohol  . ,  . « «  , . .  a , 

2400 

8060 

a,3-Dlacetylphenylhydra2lne  in  hexane  .  ,  .  „  0 ,  ,  , . .  w. .. 

2400 

10000 

in  alcohol 

2393 

10000 

, in  alcohol  +  100  mol  HCl 

2390 

10000 

-  in  5-3iolar  HCl  = 

2395 

10000 

+  10  mol,  NaCCpR^ 

2350 

10000 

-t  10  mol,  NaOCpHc  after 

standing  for  a  day  . . , , 

2750 

8000 

2395 

10000 

a,3-Dlacetylphenylhydraz.ine  in  2-molar  NaCCpHs , , .  .  .  , 

2380 

8000 

a, 3-I^iacetylphenylhydrazine  in  2-molar  NaOCpH^ 

k 

after  standing  for  a  day  . , . , 

2740 

10000 i 

2370 

8000 

3-Acetylphenylhydrazine  in  alcohol 

2810 

1000 

2353 

10000 

and  e~  ^000 ^  and  ended  at  A=  21^5  A  and  e -  l6,000.  In  the  solution  in  alco-. 
hol'^from  ^-10  ^  to  ^’10  ^  mol ,  ^  after  a  day‘s  standing  (Fig,  4^  Curve  3)  absorp  ¬ 
tion  almost  coincided,  but  its  edge  was  displaced  slightly  toward  •^he  direction 
of  long  waves  at  e-  400  by  up  to  iOO  A.  The  absorption  curve  of  a,3"dlac.etyl- 
phenylhydrazine  in  aiccxtol  coincides  completely  with  the  curve  of  a -aretylphenyl - 
hydrazine  in  the  same  solvent  (Curves  1  and  4,  Fig.  4),  a, 3-Dia-etylphenylhyd- 
razine  in  alcohol  from  10  to  ^  iri  the  presence  of  ICO  mol-.  HCl  ^Fig.  5. 

Curve  2)  and  5’10  ~  in  5  molar  HCl  solution  (Fig-.  5;  Curve  3)  give  curves  which 
practically  coincide  with  the  curves  in  alcohol.-  This  indicates  the  absence  of 
any  appreciable  reaction  of  the  hydrogen  chloride  on  the  a, 3 -diacetylphenylhydra - 
zlne  in  alcohol. 

The  absorption  spectrum  of  a, 3-diacetyl  phenyl  hydrazine  in  alcohol  from 
5*10  ^  to  5”10  ^  +  10  Eol ,  NaOCpHc  immediately  after  solution  (Fig  6,  Curve 

2)  gave  an  absorption  curve  which  was  strongly  displaced  toward  the  visual  region 
and  at  e=  2000  formed  a  small  bend  on  the  side  of  the  short  waves,  and  had  a 
maximum  of  the  band  ac  A.=  2350  A  and  £  -  10,000,  Curve  4  (Fig  6)  of  a, 3 -di- 
acetyl  phenyl  hydrazine  in  2-mclar  sodium  alcoholate  from  lO"*-  to  5‘’10'*'  mol  is 
similar  to  the  curve  Tited  above,  but  departs  from  It  more  on  the  short  wave  side 
at  e  -  1000.  The  displacement  of  the  edge  of  the  band  toward  long  waves  and  the 
.  formation  of  a  bend  in  the  curve  indicate  the  appearance  of  a  new  band  a,3-Di- 
acetylphenylhydrazine  in  alcoholic  solution  10"“^  10  mol,  NaOCpHp  (Fig  6, 


17>9 


Cvirve  5)  after  standing  for  a. day  showed  an  intensification  of  this  band  with  a 
•oaxltiium  at  A.=  2750  A  and  e=  8OOO,  and  in  2-inolar  Na0C2H5  solution,  after  stand¬ 
ing  for  a  day  (Fig.  6,  Curve  5)^  vas  still  more  intensified,  and  gave  two  maxima, 
the  first  at  A=  2740  A  and  e  =  10,000,  and  the  second  with  some  displacement  of 
the  band  in  the  ultraviolet  and  weakening  at  A=  2570  A  and  £  =  8OOO,  correspond¬ 
ing  to  the  band  of  a, 3-dlacetylphenylhydrazlne. 

The  introduction  of  a  second  acetyl  group  in  the  3-posltion  of  a-acetylphen- 
ylhydrazine  resulted  in  some  Increase  in  the  intensity  of  absorption  and  added 
greater  stability  to  the  solutions  of  hydrogen  chloride  in  alcohol.  This  Indi-  • 
cates. that  the  CO-CH3  group  on  the  3-nitrogen  weakens  the  tendency  toward  salt- 
formation  of  the  a-acetylphenylhydrazine,  which  has  a  free  salt-forming  group. 

The  action  of  sodium  alcoholate,  as  with  a-acetylphenylhydrazine,  apparently 
depends  on  the  addition  of  the  alcoholate  to  the  a-carbonyl  group  of  a,3-diacet- 
ylphenylhydrazlne,  and  results  in  a  development  of  a  new  band,  which  in  the  a,3- 
diacetyl  derivative  attains  a  great  intensity,  1.6  times  that  of  a-ace’tylphenyl- 
hydrazine.  This  addition  must  precede  the  alcoholysis  of  the  a-acyl  group  with 
the  formation  of  3-acetylphenylhydrazine,  but  after  standing  for  a  day,  this  has 
apparently  still  not  taken  place  completely  in  the  solutions, 

<0-CCKN(CH3)2 
H-CHs _ ; 

The  absorption  of  a-(dimethylamidooxalyl)-3-methylphenylhydrazine  in  a  solu¬ 
tion  in  hexane  from  5*10""*  to  5*10  ^  mol.  (Fig.  7^  Curve  2)  gives  a  curve  similar 
to  that  in  alcohol,  but  the  maximum  is  1.2  times  as  great  and  is  displaced  52  A 
toward  the  ultraviolet. 

TABLE  18 


a-(Dimethylamidooxalyl)-3-inethylphenylhydrazlne  in  hexane  from  5*  10”“* 

to  5*10  ^  mol.  (Fig.  7j  Curve  2) 


A 

e 

A 

e 

A 

e 

2920 

200 

2550 

10000 

2240 

10000 

2810 

1000 

2475 

16000 

minimum 

2210 

10000 

2770 

2000 

maximum 

2390 

16000 

2165 

14000 

2650 

5000 

2525 

14000 

2130 

20000 

TABLE  19 

a- (Dimethylamldooxalyl) -3-methylphenylhydrazlne  in  alcohol  from 

10"^  to  5*10"^  (Fig.  7>  Curve  l) 


A 

£• 

A 

e 

A 

e 

3300 

3135 

3100 

1 

8 

1 

2870 

2550 

maximum 

2430 

200 

10000 

10000 

2270 

minimum 

2230 

2140 

4000 

4000 

14000 

The  absorption  of  a- (dlraethylamidooxalyl) -3-niethylphenylhydrazine  in  alcohol 
from  10”^  to  5*10''^  (Fig,  7,  Curve  l)  begins  at  A=  55OO  A  and  e  =  1,  and  then  ' 
the  curve  runs  parallel  to  Curve  3  (Flg^  7)  of  a-acetylphenylhy^razlne  in  alcohol 
and  has  a  maximum  of  the  band  at  2490  A  and  10,000  and  a  minimuin  at 


ssipiaii 

■■EteiinH 


CeHs-N' 


0-C0-N(CH3)2 

H-C^3 


1  Ot  (diBiethylamidooxaly  1)  P  mcthylphcnyl 

hydrazine  in  alccliol  from  10  ^  to  5' lO"*'' 

Bol.;  2  ff-  (dimethylajnldooxalyl}  p  methyl 

-  4 

phenyThydrazine  in  hexane  from  5*10  to 
5*  10’^  mol.  3  ft- acetyl  phenyl  hydrazine  In 
alcohol  from  10  ^  to  5*  10  ^  mol.  4  oxalic 
add,  according  to  Bielecki  and  Henri, 


•  -  CgEs-n/^ 

Pig.  8.  l-(t  (dimethylamidooxalyl)  P  methylirficnylhydra 
zine  in  alcohol  from  10  ^  to  5  10  ^  mol-  2  ft  i’dlmethyl 
amidooxalyl)  P»  methylphenyliiydrazine  in  alcohol  from  10  ^ 
to  5-10  ®  mol  -  100  mol  HCl  3  ft  , d ime thy  land dooxalyl ) 

P  -  me  thy  Iphenvl  hydrazine  in  alcohol  from  5  10  ^  mol.  100 
mol.  HCl  after  standing  for  a  day  4  Ct  ^diiiKithylamidooxalyl; 

P  methyl phenyl hydrazine  in  alcohol  in  5  molar  HCl  from 
5’ 10  ^  to  5  10  ^  mol 

pig.  9-  1  Oi  (dimethylamidooxalyl /  P  methylphcnylliydrazine 

in  alcohol  from  10  ^  to  5  10  ^  mol-  2  ft  vdimcthylamidooxalv.. ; 
P  methyli^enylhydrazine  in  alcchol  from  10  ^  to  5  10  ^  “  10  m( 
NaOC^'Hc  3  ft  (dimethylamidooxalyl,  P  methylpheny Ihydrazinc  in 
alcohol  from  5- 10  ^  10  mol  ^tl0CiH6  after  stjuiding  for  a  dii 

4‘ft  (dimethylamidooxalyl^  p  metliylphenylhvdrazinc  in  alcoho.:  : 
2-Biolar  KaOC^Hi  solution  from  5  10  ^  to  10  **  mol  5  ft  vdimeU 
amidooxalyl,  P  methylphenylhvdrazinc  In  alcohol  from  5  10  ^  t( 
5' 10  ^  mol  after  standing  for  a  day  6  ft  vd imethylamidooxaly 
P  oiethylphenylhydrazcne  in  alcoho-  from  5  10  ®  mol  after  starr 
ing  fcr  a  d-ay  And  neutralization  with  HCl  with  5  mol  excess 
7  phenyl hydrazrne  in  alcohol  from  '.0  -  to  10  mol 


TABLE  20 


a-fDimethylamidooxalyl) -3 -methylphenvlhydrazlne  In  alcohol  from  10~^ 
to  5-10"-  -i-  100  mol.  HCl  (Figc  8,  Curve  2) 


K 

e 

A 

E 

A 

•  e 

3320 

1 

2680 

2000 

2255 

5000 

2980 

10 

2480 

7000 

2245 

4000 

2885 

100 

2420 

8000 

minimum 

2220 

4000 

2800 

500 

2360 

10000 

2145 

14000 

maximum 

10000 

2295 

..  TABLE  21 

c. -(DimethylcLmidroxalyl) -3 -me thylphenyl hydrazine  In  alcohol  from  5 “10””* 
mv'*ls  -f  10  mol.  NaOCpH5  after  standing  for  a  day  (Fig.  9^  Curve  3) 


A 

e 

A 

e 

K 

e 

.•  •  -'3110 

200 

2560 

600 

maximum 

2310 

1200 

2070 

1000 

minimum 

2520 

600 

2300 

1000 

281c 

1400 

2480 

700 

2260 

500 

•  maximum 

2720 

1400 

2460 

800 

minimum 

2230 

500 

266c 

.  1000 

2440 

1000 

2230 

600 

2600 

700 

2390 

maximum 

1200 

2180 

1200 

TABLE  22  •  • 

CL-fBimetrr/lamldocxalyl) -3 -methyl phenylbydrazine  from  10”^  to  5*10"^ 

10  mol.  NaOC2K5  (Fig  9j>  Curve  2) 


k 

e 

A 

£ 

A 

e 

3070 

285c  - 

2640 

10 

200 

3200 

249c 

maximum 

2330 
•  2300 

10000 

10000  ' 

7000 

2260 

minimum 

2230 

2160 

6000 

6000 

16000 

TABLE  23 

a- (Dimethylamidocxalyl  )  -B -methyl phenylhydra.zlne  from  to  lO"”* 

mol.  in  2-moleLr  NaOC2H5  (Fig  9>  Curve  4) 


A 

e 

K 

£ 

\ 

e 

281c 

200 

c470 

10000 

2280 

6000 

2700 

1000 

maximum 

2370 

10000 

minimum 

2250 

6000 

2:70 

5000 

2223 

8000 

2240 

7000 

231c 

8000 

220  b 

700a 

2200 

10000 

lYh2 


A,-  2350  A  and  e  =  UOOO,  and  it  ends  at  A  =  2lli-0  A  and  s=  1^,000.  The  entire 
riirvo  is  displaced  toward  the  visible  region  from  the  curve  of  a-acetylphenyl * 
hydrazine  in  alcohol;  in  such  a  way  that  it  runs  parallel  to  the  absorption  curve 
of  oxalic  acid  [^s]  (Fig,  7j  Curve  h) .  a- (Dime thyl amidocxalyl ) -B -methyl phenyl  • 
hydrazine  in  alcohol,  after  standing  for  a  day,  did  rot  show  a  change  in  curve. 
The  absorption  of  a-(dimethylamldcoxalyl)-|3-niethylphenylhydrazine  in  alcohol 
from  10”^  to  5-10“^  +  100  mol,  HCl  (Fig.  8;  Curve  2)  did  not  change  in  intensity 
of  absorption,  but  its  maximum  was  somewhat  displaced  in  the  ultraviolet.  The 
same  change  also  took  place  in  HCl  from  5 ’1C  ^  to  5 ’10  ~  mol  (Fig, -8, 

Curve  ^),  and  +  100  mol  HCl  after  standing  for  a  day  (Fig.  8,  Curve  3)> 

The  curve  for  the  absorption  sgectrum  of  a- (dimethylamidocxalyl ) -3'-niethyl - 
phenyl  hydrazine  in  alcohol  from  10  "  to  ^‘‘lO  ~  mol  +  10  mol.  NaOC2H5  (Fig.  9> 

Curve  2)  immediately  after  addition  of  the  alcoholate  almost  coincides  with  the 
curve  in  alcohol  and  with  Curve  ^  <!Fig.  9)  in  a  2-molar  solution  of  sodium  alco¬ 
holate  immediately  after  addition  The  curve  has  its  maximum  at  A=  24l0  A  and 
e=  10,000  and  is  displaced  slightly  toward  the  short-wave  direction,  a-(Di- 
methylamidooxalyl)  -P-methylphenylhydrazine  from  5 ’10  ^  lO  mol,  NaOCpHs  after 
standing  for  a  day  (Fig.  9,  Curve  3)  gives  two  bands,  one  at  ^  =  2765  A  -and 
e  =  lUOO,  and  the  other  band  at  A.  =  2350  A  and  e  =  lUOO,  with  lesser  intensity, 
and  somewhat  displaced  toward  the  ultraviolet.  Curve  5  (Fig.  9)  of  a -(dimethyl - 

TABLE  24 


a-(Dimethylamidooxalyl) -3 'Ciethylphenylhydrazine  from  5’10'^  to  5’10”^ 
in  2-molar  NaOCsHs  after  standing  for  a  day  (Fig,  9>  Curve  5) 


A 

e 

A 

e 

X 

e 

JjlfO 

20 

2510 

800 

2340 

2000 

3160 

320 

minimum 

2460 

700 

2250 

2000 

2850 

2000 

2450 

• 

03 

0 

0 

2215 

1200 

maximum 

2650 

2000 

2400 

1600 

2190 

1200 

TABLE  25 


a-(Dimethylamidooxalyl) -3 -raethylphenylhvdrazine  frcm  5°10*"“  in  2-molar 
NaOC^Hs  after  standing  for  a  day  and  neutralization  with  HCl  with  5  mol, 

excess  (Fig,  9j  Curve  6) 


X 

t 

A 

e 

A 

.  C 

2970 

200 

2575 

400 

maximum 

2315 

1200 

2760 

1000 

minimum 

2530 

400 

2260 

800 

maximum 

2690 

1000 

2390 

1000 

minimum 

2230 

800 

2670 

800 

2360 

1200 

2190 

1400 

amldooxalyl )-3-methylphenylhydrazine  in  2-molar  sodium  alcoholate  after  standing 
for  a  day  has  a  spectrum  with  two  absorption  bands  at  A  2750  A  and  e  =  2000 
and  at  A  =  2295  A  and  --  2000.  The  solution  of  a-^dimethylaraidcoxalyl' -3 -methyl 
phe’iyl hydrazine  5'‘10  ^  in  2 -molar  sodium  alcoholate  snlution  after  standing  for 
a  day,  was  acidified  with  alcoholic  HCl  with  5  ^lol  excess  (Fig,  9  Curve  6). 

The  absorption  curve  obtained  after  acidification  maintained  the  two  bands  at 


Band  I 


Band  II 


a-Acetylphenylhydrazine  in  alcohol  . . 

a- (Dime  thy lami dooxalyl ) - 3-me  thylphenylhydr az ine 

‘  —  In  hexane  . . . 

In  alcohol  . . ; . . 

In  alcohol  +  100  mol  HCl 

In  5-niolar  HCl . 

+  10  mol.  Na0C2H5 

a-(blmethylamldooxalyl) -3-methyl phenylhydrazlne  +  10  mol. 

NaOCsHs  after  standing  for  a  day  ........ 

a-(Dimethylamidooxalyl)-3-methylphenylhydrazlne  in  2- 

molar  NaOCsHs  . . . 

a- (Dimethylamidooxalyl) -3-methyl phenylhydrazine  in  2- 

molar  NaOC2H5  after  standing  for  a  day  ,. 
a-(Dimethylamldooxalyl)-3-'niethylphenylhydrazine  in  2- 
molar  NaOC2H5  after  neutralization  with 

HCl  +  5  mol.  excess...... .  2725 

'a-Acetylphenylhydrazine  in  2-molar  KaOC2H5  after  stand¬ 
ing  for  a  day . 2815 

Phenylhydrazine  in  alcohol  . .  2828 


2U00  8000 

2^00  lOOCO 
2490  10000 

2528  10000 
2400  10000 

2410  10000 

1400  2550  l400 

2490  10000 
2000  2295  2000 


1000  2338  1200 

5000  2405  5000 

1600  2410  9000 


A  =  2725  A  and  e  =  1000  and  at  A  =  2338  A  and  e  =  1200,  corresponding  to  these 
bands  in  alkaline  solution  after  a  cay  of  standing,  but  with  less  intensity. 

Thus,  there  was  no  return  to  the  absorption  spectrum  of  a- (dimethylamidooxalyl)- 
-3-methylphenylhydrazine,  but  there  was  likewise  no  resemblance  to  the  spectra 
of  phenylhydrazine. 

The  absorption  spectrum  of  a- (dimethylamidodxiilyl) -3-methyl phenylhydrazine 
in  alcohol  is  very  similar  to  the  spectra  of  a-acetylphenylhydrazine,  but  the 
maximum  is  slightly  displaced  toward  the  long  wave  side;  in  solutions  of  hydro¬ 
gen  chloride  the  maximum  of  the  band  is  displaced  toward  the  shorter  waves,  in¬ 
dicating  salt-formation  with  the  3-methylamino group.  In  sodium  alcoholate,  im¬ 
mediately  after  its  addition,  there  is  no  change  in  the  character  of  the  absorp¬ 
tion  spectrum,  but  after  a  day  of  standing  there  probably  takes  place  the  addi¬ 
tion  of  sodium  alcoholate  to  the  a-dimethylamidcoxalyl  group  (CH5)2:N- CO-CO-, 
that  is  to  the  carbonyl  joined  to  the  a-N  atom,  as  in  the  case  of  a-acetyiphenyl- 
hydrazine,  with  the  formation  of  a  new  absorption  band,  which  does  not  attain 
the  intensity  of  the  band  that  the  latter  compound  has;  at  the  same  time  there 
is  also  a  second  band  which  is  somewhat  different  in  intensity,  and  is  displaced 
toward  the  short  wave  side.  For  the  further  investigation  of  a-dimethylamido- 
oxalyi-3-methylphenylhydrazine  it  was  desirable  to  compare  its  behavior  with 
that  of  oxalylmethyl anilide,  for  which  we  chose  the  methyl  ester  of  oxalylmethyl- 
anilide. 

CO-COOCH3 

The  methyl  ester  of  oxalylmethyl  anilide,  CeH^— .  The  methyl 

^CHj _ 

ester  of  oxalylmethylanilide  in  solution  in  alcohol  from  10”^  to  5*10”^  mol. 

(Fig.  10,  Curve  ii)  gave  an  absorptlcn  curve  which  began  at  ^  -  3OI5  A  and  e=  1, 
with  a  small  inclination  toward  the  short  wave  siue,  similar  to  the  spectrum  of 
oxalic  acid^  which  indicated  that  in  this  part  the  curve  of  the  methyl  ester  of 
oxalylmethylanilide  corresponded  to  the  oxalic  acid  residue  [i"’’]  (Fig.  10,  Ourve 
5)*  the  curve  then' rose  in  the  direction  of  the  far  ultraviolet,  and  came  to  an 
end  at  X  =  2l60  A  and  £  =  20,000,  apparently  forming  a  band  in  the  far  ultraviolet. 


1  744 


TABLE  27 


The  methyl  ester  of  oxal^rimethylanllide  in  alcohol  from  10*^  to  5“10“- 

mol  (Fig.  10^  Curve  l) 


K 

e 

•  _  .  A  .  . 

e 

.  .  X' 

e- 

3015 

1 

2770 

13 

2420 

6000 

2920 

3 

2700 

100 

2340 

12000 

2870 

6 

2530 

1000 

2310 

14000 

2820 

8 

1  2500 

3200 

2165 

16000 

2790 

10  1 

*  2465 

4000 

2160 

20000 

TABLE  28 

The  methyl  ester  of  oxalylmethylanlllde  in  alcohol  from  10”"  to  5 ’10”^ 

+  100  mol.  HCl  (Fig,  10,  Curve  2) 


X 

e 

\ 

e 

\ 

e 

2610 

100 

2565 

5000  ' 

2265 

12000 

2535 

300 

2555 

6000 

.  2245 

14000 

2470 

1000 

2335 

7000 

2210 

16000 

2380 

4000 

2300 

10000 

2155 

20000 

1 

,  TABLE  29  *  • 

The  methyl  ester  of  oxalylmethylanilide  from  10“^  to  10”'*  mcl.  in  2- 
molar  NaOCpH5,  at  once  (Fig.  10,  Curve  h) 


A 

e . 

A 

e 

£ 

:  2730 

100 

2570 

1000^ 

2430 

6000 

2670 

250 

2480 

3500 

2390 

7000 

2650 

300 

2465 

4000 

2370 

8000 

2640 

350 

2445 

5000 

•  2330 

10000 

TABLE  30 


The  methyl  ester  of  cxalylmethylani 
molar  NaOCsHs  after  standing  for 


X 

£ 

A 

3190 

200 

2785 

3070 

700 

2760 

3040 

800. 

2750 

3000 

1200 

minimum 

2680 

2960 

1400 

.  2670 

maximum 

1400 

2650 

2890 

2840 

1200 

2480 

2820 

1000 

2460 

lide  from  5“10"''  to  3  10”"  mrl  in  2- 
a  day  (Fig,  10,  Curve  3) 


e 

A 

e 

800 

2425 

12000 

700 

maximum 

12000 

2360 

600 

2320 

10000 

6000 

2290 

8000 

700 

minimum 

2260 

8OCO 

1000  ■ 

2235 

10000 

6000 

2220 

12000 

10000 

2170 

20000 

The  absorption  spectra  of  solutions 
of  the  methyl  ester  of  oxalylmethyl 
anilide  from  10  ^  to  5*10  ^  +  100 
mol.  HCl  (Fig.  10,  Curve  2)  did  not 
differ  from  that  of  the  alcohol 
^Tryir^V^ut  the  entire  curve  was^  dis¬ 
placed  toward  the  ultraviolet  by 
approximately  100  A.  The  methyl  es¬ 
ter  of  oxalylmethylanilide  in  2-moleu: 
sodium  alcoholate  from  10"^  to  10  ^ 
mol  (Fig.  10,  Curve  4)  gave  an  ab¬ 
sorption  curve  which  coincided 
with  the  curve  in  alcohol,  but  when 
it  was  investigated  after  standing 
for  a  day  in  concentrations  from 
5»10’‘*  to  5‘'10’^  (Fig.  10,  Curve  3) 
a  change  in  the  spectrum  was  found, 
with  the  'formation  of  two  absorption 
bands  of  aniline  [i®]  (Fig.  10,  Curve 
6),  the  first  band  at  A.  =  29^5  A  and 
e  =  1400,  and  the  second  at  x  =  2393  A 
and  e  =  12,000.  With  respect  to  the 
curve  for  aniline,  the  maximum  of  the 
first  band  was  displaced  75  A  toward 
the  visible  region,  and  the  maximum  of 
the  second  band  was  displaced  73  A. 

The  absorption  spectrum  of  the 
methyl  ester  of  oxalylmethylanilide 
ran  parallel  to  the  long-wave  edge  of 
the  band  of  a-(dimethylamldooxalyl)- 
-P-methylpnenylhydrazine,  but  the 
entire  band  was  displaced  toward  the 
shorter  wave  side  by  200  A,  and  ran 
togetner  with  the  absorption  in  the 
f  far  ultraviolet.  Under  the  Influence 
-■  of  alcchclic  HCl  the  absorption  was 
*•  displac.-d  still  further  in  the  far 
\  ultraviolet;  under  the  influence  of 
sodium  alcoholate,  its  absorption 
spectrum  at  first  did  not  change,  but 
after  standing  for  a  day  it  gave  the 
absorption  spectrum  of  methylaniline, 
which  indicated  the?s;plitting  off  of 
tne  Qxalyl  group. 


I'tnpthyl  estftr  of  oxaj^ltmthylanllid?  lo 
alcohol  from  10  ^  to  5  10'^  +100  mol,  HCl 
2*inethyl  ester  of  oxalylmethylanilide  in  al¬ 
cohol  from  10  ^  to  5-10  ^  -  100  mol.  HCl: 
S-methyl  ester  of  oxalylmethylanilide  in  al 
cohol  from  S-lO"'^  to  5  10  ^  mol.  in  2-molar 
I^OCiHe  after  standing  for  a  day  4  methyl 
ester  of  oxalylmethylanilide  in  alcohol  from 
10  3  to  10  4  col.  in  2  molar  NaoCiHs  at  once/ 

5  oxalic  acid  according  to  Bielecki  and  Henri, 

6  aniline  according  to  BlQuard, 


.TABLE 


Name  ' .•  -  >••  • 

1  Maximum  absorption 

X 

0 

a- (Dimethvlamidooxalyl )  -(3  -methyl phenylhydrazine 

in  alcohol  : . .  - .  0 o 

Methyl  -ester  of  oxalylmethylanilide  in  alcohol 

2400 

slope 

2160 

10000 

20000 

1746 


The 

mol 

had 


a-(Dimethylanildooxalyl )  -3  >3-ciethylacetyIphenylhydra2 Ine  or  dioxypyramidon 

C0-CCKN(CH3)a 

CoH5-N< 

^CO-CHa 

CHa  • 

absorption  spectrum  of  dloxypyraaldon  dissolved  In  hexane  from  10“^  to'J.’lO' 
(Fig.  11,  Curve  2)  gave  a  curve  which  began  at  \  =  2995  A  and  e  =  100  and 
a  maximum  of  the  absorption  band  at  K=  21*^5  A  and  e=  l6,000.  Further  on 


the  curve  had  a  minimum  of  the  absorption  band  at  K  =  2210  A  and  e  =  7000, 


TABLE  32 


Dloxypyramldon  In  hexane  from  10“^  to  5 ‘10”®  mol,  (Fig.  11,  Curve  2) 


\ 

e 

e 

\ 

e 

2995 

2870 

2840 

2730-; 

2620 

100 

600  ' 

1000 

4000 

10000 

2550 

2520 

maximum 

2450 

2400 

2320 

14000 

16000 

16000 

14000 

10000 

2270 

2220 

minimum 

2200 

2170 

2150 

8000 
.  J.QCJO 

7000 

8000  ■ 
10000 

TABLE  33 

Dloxypyramldon  In  alcohol  from.  lO"^  to  5*10'’®  mol.  (Fig.  11,  Curve- 1) 


A 

e 

\ 

e 

\ 

e 

3310 

1 

271*5 

1300 

2440 

8000 

3150 

10 

2710 

1600 

maximum 

2380 

8000 

3120 

16 

2685 

2000 

2340 

7OQO 

3090 

20 

2650 

2500 

2300 

6000 

3070 

25 

2610 

3000 

2270 

5OCO 

3040 

35 

2590 

3500 

2230 

4000 

2990 

70 

255b 

5000 

minimum 
•  2220 

4000 

2950 

100 

2520 

6000 

2200 

3000 

2775 

1000 

2470 

7000 

TABI£  3^ 


Dlxoypyrnmldon  In  water  from  10*^  to  ^-lO”®.  mol.  (Fig.  11,  Curve  5). 


X 

K 

A 

t 

A 

e 

J}20 

3180 

3150 

2960 

29?0 

2760 

1 

8 

10 

100 

1?0 

1000 

2700 

2670 

2650 

2580 

25^»0 

2550 

1600 

2000 

2300 

5000 

.  3500 

4000 

2480 

2450 

2420 

maximum 

2250 

2150 

5000 

6000 

7000 

10000 

12000 

J4000 

llh'f 


/ 


S2  29 


23  2o 


>00 

^coooo 


WfMl 

ii^m' 


■■■I 

in 


f\  -  ^fhn  y:  St’  ?Q  2L  23  20  '’9  ^*600 
5 00  1  1 - 1 - 1  1  I — f-l-  -  I  '•cooco 


■■■BBS^iB^JB 


^0000 

25000 


;.  11..  Qn 


0-C0-N(CH3)2. 

-CC-CH3 


Dioxypyranidon  in  alcohol  from  10*1  to 
5  10  5  mol  .  2  dioxypjramidon  in  hexane, 
fr&n  10  to  5'i0'^  mpl.  3-dioxyp>ramidon 
In  u-ater  from  10  ^  to  5*10'^  mol.  4-0'vacetyl- 
phcny '-hydrazine  in  alcohol  from  10'^  to  5*10  ^ 
mol.  5  0  vdimethy loxalyl)  3  mcthylphenylhydra 
zine  in  alcohol  from  10  ^  to  S'^O'*'’  mol. 


0-CON(CH3)2. 


CO-CEa 


l-DioxyRramldcn  in  alcohol  from  10*^  to 
5- 10*®  mol.  2  dioxypyramidon  in  alcohol 
from  10  ^  to  5- 10  ®  in  5  molar  HCl  3  di- 
oxjpj-ramidon  in  alcohol  from  10  ^  to  5*  10*® 
••■  5  mol.  KCl  4  dioxypyramidon  in  alcohol 
from  10  ^  to  5  10  ®  100  mol.  HCl. 


and  rising’  higher,  came  to  an  end  at  A=  215O  A  and  e=  10.000,  The  absorption 
spectrum  of  dioxypyramidon  in  alcoholic  solution  vas  investigated  at  concentra¬ 
tions  from  10  ^  to  5" 10  ^  mol.  (Fig.  11,  Curve  l).  Its  curve  began  at  \=  5310 
A  and  -  £  =  1,  and  had  a  slight  slope  tovard  the  short  wave  side  from  K  =  2800  A 
and  c=  800.  and  ccrtinuaily  deported  from  the  cui*ve  in  hexane j  it  has  a  ma^^i- 
mum  at  2410  A  and  £=  6OOO  Tne  maximum  of  the  curve  of  dioxypyramidon  in 
alcohol  was  displaced  from  the  curve  in  hexane  toward  the  shore  wave  side  by 
75  A.  and  the  hand  diminished  to  half  the  intensity.  The  solutions  of  dioxypyr- 
amidoii  in  alcohol  from  10  to  p  ^0  '  mol  remained  prs.cti^aliy  uncha’Tgen  after  a 
day  of  standing.  The  absorption  ‘ipecorurn  of  dioxypyramidon  in  aqueous  solution 
vas  invcG"*- igated  fr'^'m  10  ^  to  5'-^''^'*^  (Fig.  11,  Curve  5)  The  curve  began  at 


A=  3220  A  and  e  =  1.  It  rose  upward,  almost  coinciding  with  the  curve  in 
alcoholic  solution,  and  only  at  A  =  2’j60  A  and  e  -  1000  did  it  shift  over  to 
the  short  wave  side,  to  run  together  for  absorption  in  the  far  ultraviolet,  ' 
coming  to  an  end  at  2110  A  and  e  =  1U,000;  without  during  all  this  having 
a  definite  maximum,  which  would  supposedly  be  at  A=  2^00  A  and  £=  8OOO. 

Dioxypyramidon,  like  the  previously  investigated  a-acetylated  derivatives 
of  phenylhydrazine,  is  characterized  by  a  single  strong  hbsorptlon  band,  which 
Is  displaced  more  strongly  toward  the  short  wave  side  in  solutions  of  different 
substances  as  their  polarity  increases. 


TABLE  35 


Name 

Maximum  absorption 

A 

e 

D1  nxypyraiTi  i  dnn  1n  bp'X’ane  ................................. 

2485 

2410 

16000 

1  n  al  cnhnl  . . . . . 

8000 

in  water  .................................. 

2500 

2490 

8000 

a- (Dimethylamidooxalyl )-3-ciethylphenylhydrazine  In  alcohol 

10000 

Charonnat  and  Delaby  [s]  also  indicate  that  dioxypyramidon  can  add  water. 


Dioxypyramidon  is  distinguished  from  a- (dimethylamidooxalyl) -P-methyl- 
phenylhydraz ine 


C(>-CO-N(CH30  2 

C0-C0-N(CH3)2 

C6H5-N( 

C6H5-n( 

Vc53 

1 

^N-CEa 

i 

C0-CH3 

H 

Dioxypyram.idon 

a- (Dimethylamidooxalyl) -3-fliethyl- 

. 

phenylhydrazine 

only  by  the  presence  of  the  3-acyl  group.  Their  absorption  spectra  are  there¬ 
fore  very  similar,  and  the  influence  of  the  acetyl  group  is  expressed,  as  in 
the  preceding  cases,  by  a  shift  of  the  absorption  maximum  of  alcohol  on  the 
curves  toward  the  shorter  wave  side  by  80  A,  and  also  by  a  lowering  of  the  in¬ 
tensity  of  absorption  to  0.8  the  value. 

Dioxypyramidon  from  lO”^  to  5*10"^  mol.  in  a  5-molar  solution  of  hydrogen 
chloride  (Fig,  12,  Curve  2)  gave  an  absorption  spectrum  curve  which  began  at 
A=  ^h20  A  and  e  =  1,  and  coincided  with  the  alcohol  curve  at  A  =  3^5^  A  and 
C=  10.  Further. on,  the  curve  departed  from  the  alcohol  curve,  having  a  maximum 
at  K  =  2450  A  and  e  =  14000.  It  then  had  a  minimum  and  ended  at  A  =  2200  A  and 

e  =  6000. 


Dioxypyramidon  from  10”^  to  5” 10”^  mol  +  5  mol  HCl  (Fig.  12,  Curve  , 
gave  arl  absorption  curve  which  in  respect  to  the  curve -in  the  5-2iolar  alcohol 
solution  of  hydrogen  chloride  waix  srJLfted  slightly  toward  the  short  wave  side, 
and  had  a  more  intense  maximum  at  X  =  2568  A  and  £  =  20,000. 

Dioxypyramidon  from  10  ^  to  5*10"^  mol.  +  100  mol  H3I  (Fig.  12,  Curve  4) 
gave  an  absorption  curve  with  an  additional  slight  shift,  the  maximum  being  at 
A  =  2540  A  and  e  =  2000.  Thus,  the  spectra  of  dioxypyramidon  in  solutions 
with  different  concentrations  of  alcoholic  HCl  also  maintained  tho  character 
of  the  absorption  of  a-acylated  derivatives  of  phenylhydrazine,  but  showed  a 
change  in  the  intensity  of  the  band. 

At  '  r- *■  ^  D*:'’''  - j,-.. 

hy^rclysis  a'  ''rainary  ie:r.jcr.-j^  res  :n'.  'r  *.;Vt  c'”  _  -  •  .i  so_'J  cf 

alkali,  s p  1  i  1 1  i  ng  off  he  a  -  { a :  r;-. e  1  hyl  a  m.  1  j  e  ^  x-j -  -1  ) gr  ou  p : 


-group : 


v>j  v>i  vja  \ji 


TABLE  36 

Dic^'v'psTamidori  fr^^m  lO”"^  to  3--^^*'  mol.  in  5“®''-ar  alcoholin  solution  of 


KCl  ^Fig  12,  Curve  2) 


2970 

2790 

255^ 

2535 

2530 

2^85 

maximum 

2U15 


'100 

1000 

8000 

10000 

12000 


Dicx'.i  .o-ami.ion 


>5  lUOOO 

mum 

5  lUOOO 

TABLE  37 

to  mol,  f  5  me 

HCl  (Fig,  12;  Curve  3) 


2U00 

2375 

2360 

23^5 

2315 

mir-imum 

2260 


12000 

10000 

8000 

7000 

5000 

5000 

8000 


from  10  ^  to  ^  mol,  f  5  mol;  alcohclic  solution  of 


0  1 
li  ViO’"' 


000 

•  2650 

800 

2330 

301 

261+0 

.700  ■ 

maxim’um 

22^0 

:obo 

minimum 

2380 

700 

2260 

3000 

2360 

800 

2230 

TKOO 

2330 

1000 

2:90 

00 

^ 

GO 

0 

1+COO 

,2i60 

^000 

2423 

8OCO 

minimuin 

2133 

2300 

21+00 

10000 

2150 

.000 

2370 

16000 

2130 

20000 

20000 

16000 

10000 

6000 

•.5000 

5000 

6000 

10000 


CC-CHo 


-  HpO. 


C6H5-“NH-N< 


OO-CH3 


(j:ooi 
+  c^o 


N(CE3)2 


•i  3.  B-me-'hyla:e*y:_rhenvlhydra.'i’ e<  vhile  ’he  3-acyl  and  dirreth 

in.,  sf.it  'f*'  ..y  under  the  m\:h  lengthie’’  acli'r.  alkali.  This 

1  nv  u’s  to  j:''epa’'e  3, 3 -r:e'*-hyl  a' e’ ylthe'vlhvira’ine , 


:*i  ’  'f  scdiUT.  alcrhrla^e  i::  al:chr'!  .«:•  lutlcns  01  di "-x^'-pyramidon 
’’i.arly,  hut  with  regard  to  ""he  a^serr’im  rpe:'‘ra  it  is  possible  to 
i.ni*  ia^  actio::  oO  +he*  alkali  preceding  alcchclysis  Thus,  di- 

'T.c eu'*.  ra*  ior s  from  !0’"  +c  flO’-  mol  in  alrchoT  -  10  rrcl  NaOCpH 


.v-  :V  PJ 

5*: 


v-  -P  'V-  CS  '.t'  r 


VOCO 

«<ar)  coo 


■Hmwi 

■■■Rsnai 

■Mnis^i 

■airaaai 

iraraBH 

niiEBMi 


lEilB 


Lmo  ooo 
•J'i  C'ro 

K 


istMvm 

inilLtflB! 


PCX'  U) 


IBIIBB 

lillBB 


Fig.  15. 


Fig.  14. 
0-C(>-N(CH3)2 

-CO-CH2 


Pig.  13.  1  dioxypira.nidon  in  alcohol  from  10‘^  to  5- 10*^  mol.  2  dioxypj ramidon  in  al 

cohol  from  10'^  to  5-10  ^  mol.  +  2  mol.  KaOCsHs  3  Dioxypyramidon  in  alcohol  from  10  ^ 
to  10  ^  mol  +  10  mol.  Na0C2H3  4-dioxypyramidon  in  alcohol  from  10' to  5' 10  '®  mol,  +■ 

20  mol.  NaOCsHij  5  /lioxypy ramidon  in  alcohol  from  5  lu  ®  mol.  200  mol.  Na0C2H5^ 

Pig.  14.  l-Dioxypyramidon  in  alcotol  from  10  ^  to  5‘ 10  ®  mol-  3  dioxypvramidon  in  alcohol 
•3  ' 

from  10  to  5*10  mol.  +  10  mol.  NaOCi-Ho  after  standing  for  4  hours  3  -dioxypyramidon  in 

alcohol  from  10  ®  to  o- 10  5  10  mol.  NaOC^F*;  after  standing  for  4  hours  and  acidifica 

tlon  with  HCl  with  5  mol.  excess  4  dioxypyramidon  in  alcohol  from  10  to  5' 10'  ®  mol,  + 

,  20  mol.  NaOC2KG  after  standing  for  2  hours  5  p  ?  methy lacetylpheny Ihydrazine  in  alcohol 

from  10"^  to  2.5-10  ®  o:ol. 

after  standing;  for  he  ro  r^z'-'c  a-'  sroorr'^irn  src<'tri-.m  (Fig  1^,.  Cur^'^e  2)  which 
had  2  bands,  completely  ^^rresp . ;  iir.g  to  the  pc  si‘ i  *  a'  1  i'.'' •-rsi'^ y  of  the  I'ar  ls  of 
the  absorption  sper^r^un  of  3  3-^-€‘'' hvlare'^  vl  phe*'yihv  iraz  i*"  e  (Fig  1^^  C  ui've  "^he 

splitting  off  of  the  a-a  yl  greup  which  hai  o  was  also  indicated  by  the  fact 

that  after  this  solutior'  had  bf;ec  a*  idified  with  an  excess  of  a  5  mol;  alcoholi''  scl 
solution  of  HCl^  i  he  a'‘ccrpti'^  ope  rum  ■‘^he  di '  x*T:''-'ramidcn  (Fig  >  Curve  l) 
did  not  return,  and  the  character  of  the  spectrum  cf  3  * P-mc"^ hylacotylphcnylhydrazine 
was  maintained. 


TABLE  39 


Dioxypyramldon  In  alcohol  from  10”^  to  5*10  ^  mol  +  10  mol,  Na0C2H5 
after  standing  for  hours  and  neutralization  with  HCl,  with  5  mol. 

excess.  (Fig.  1^,  Curve  3) 


K 

e 

K 

"  ■  e- 

A 

e 

3050 

100 

2360 

14000 

2960 

300 

2350 

16000 

2880 

1000 

minimum 

2590 

600 

maximum 

2300 

16000 

2850 

2000 

2560 

70b 

2260 

10000 

2840 

2500 

2540 

1000 

2225 

5000 

maximiuD 

2760 

2500 

2460 

4000 

minimum 

2160  . 

5000 

2740  ' 

2000 

2390 

10000 

2110 

10000 

TABLE  UO 


Name 

Band  I 

Band  II 

A 

E 

mm 

Dioxypyramldon  in  alcohol  +  10  mol.  NaOCgHs 

after  standing  for  4  hours  . 

Same  solution  after  acidification  with  excess  of 

5  mol.  HCl  . 

3,P-Methylacetylphenylhydrazine  in  alcohol  . 

2810 

2800 

2830 

3500 

2500 

4000 

2310 

2325 

2335 

20000 

16000 
20000  • 

TABLE  4l  .  - 

Dioxypyramldon  in  alcohol  from  10  ^  to  5*10  ^  mol  +  2  mol  NaOCsHs 

(Fig.  13,  Curve  2) 


A 

e 

A 

e 

A 

e 

3140 

3000 

2945 

2780 

2750 

2730 

10 

100 

200 

1000 

1300 

1600 

2680 

2590 

2535 

2500 

2400 

2360 

maximum 

2000 

2500 

3000 

3500 

6000 

7000 

maximum 

2280 

2250 

2210 

minimum 

2185 

2160 

214^ 

7000 

6000 

4000 

4000 

6000 

8000 

The  first  action  of  the  sodium  alcoholate  appeared  even  under  the  influence 
of  2  mol.  NaOC2H5  in  10  ^  to  5*10  ^  mol.  alcoholic  solutions,  in  the  shift  to¬ 
ward  the  long  wave  side  of  the  edge  of  the  band  of  the  curve  of  dioxypyramldon 
in  alcohol  (Fig.  13,  Curve  l)  about  e  =  1000.  Then  the  curve  intersected  the 
alcohol  curve  and  had  a  maximum  at  A=  2320  A  and  e  =  7000,  which  was  displaced 
toward  the  short  wave  side  by  100  A  and  had  a  slightly  lower  intensity  (Fig. 

13,  Curve  2).  In  an  alcoholic  solution  of  dioxypyramldon  10  ^  to  10  mol.  + 

10  mol,  Na0C2H5 ,  investigated  immediately  after  solution^,  there  was  observed  a 
further  shift  of  the  edge  of  the  curve  (Fig.  13,  Curve  3)  toward  the  longer 
wave  side,  and  this  effect  was  even  stronger  after  standing  for  a  half  hour, 
but  the  maximum  of  the  absorption  band  reL’Jrned  to  its  position  on  the  curve 
produced  by  dioxypyramldon  in  neutral  alcohol,  and  coincided  with  this  curve’s 


1752 


TABLE  h2 

Dloxypyramidon  In  alcohol  from  10”^  to  10*“*  mol.  +  10  mol  Na0C2H5  at 

once  (Fig.  13#  Curve  3) 


\ 

c 

K 

e 

K 

e 

3070 

100 

2800 

1000 

•2490 

6000 

3030 

130 

2720 

1300 

2460 

7000 

3000 

160 

2660 

1600 

2430 

8000. 

2980 

200 

2625 

2000 

maximum 

2380 

8000 

2965 

250 

2580 

2500 

2340 

7000 

2840 

800 

2530 

4000 

2300 

5000 

TABLE  43 


Dloxypyramidon  in  alcohol  from  lO”"*  to  5*10”^  mol.  +  20  mol.  NaOCsHs 
after  standing  for  2  hours  (Fig.  l4.  Curve  4) 


K 

e 

K 

C 

A 

e 

■  3040’ 

1000 

2650 

1600 

2420 

20000 

2960 

3000 

minimum 

2610 

1600 

maximum  ' 

2340 

20000 

2800 

8000 

2565 

3000 

2310 

16000 

maximum 

2800 

8000 

2540 

6000 

2290 

14000 

2760 

6000 

2500 

10000 

2270 

12000 

2735 

5000 

2460 

16000 

2260 

10000 

maximum.  The  greatest  influence  of  alkali  was  observed  in  a  solution  of  dioxy 
pyramidon  10  '^tb  20ffidL  KaOCsH^  investigated  immediately  after  solution 

(Fig.  13#  Curve  4).  The  small  shift  of  the  edge  of  the  curve  observed  in  the 
preceding  cases  was  caused  by  the  first  appearance  of  a  new  band,  which  in  a 
solution^  containing  20  mo] .  sodium  alcoholate  developed  into  a  very  intense  ab 
sorption  band  with  a  maximum  at  K=  2003  A  and  6=  10000,  and  also  a  second 
band,  which  corresponded  to  the  absorption  band  of  dloxypyramidon  in  alcohol , 
at  A-= 2445  A  and  e  =  14,000,  slightly  shifted  toward  the  long  wave  side  and 
almost  1.5  times  as  intense.  The  same  thing  was  true  of  the  solution  with  20 
mol.  Na0C2H5,  after  standing  for  2  hours  (Fig.  l4.  Curve  4),  as  well  as  of  a 
5*10'^  mol.  solution  of  dloxypyramidon  +  200  mol.  Na0C2H5  investigated  Immedia 
tely  after  mixing  (Fig  I3,  Curve  5)-  Further  on  the  curves  showed  first  a 


TABLE  45 


Dloxypyramldon  in  alcohol  5*1Q**^  mol  +  200  mol.  NaOC2H5  at  once 

(Fig.  13,  Curve  3) 


X 

e 

X  . 

e 

X 

e 

5020 

2970 
■  2940 

2880 

2860 

maximum 

2800 

2000  • 
2600 

3200 

5000 

6000 

6000 

2770 

2740 

2660 

\ 

minimum 

2600 

2580 

2550 

5OOO 

4000 

2000 

.  ^2000 

2^0 

3200 

2490 

2440 

2390 

maximum 

2320 

2285 

2245 

10000 

16000 

20000 

20000 

16000 

10000 

TABLE  46 


Name 

Band  I 

Band  II 

Bi 

e 

K 

e 

Dioxypyrar'.i don  'n  aicciicl  . . . .  ’ 

L 

2410 

8000 

+  2  mol  NaOCgHs  . 

2320 

7000 

+  10  mol  NaOC2H5  . 

2450 

8000 

4*  20  mol  NaOC^H^  ........ 

2805 

10000 

2445 

14000 

Same  solution  after  standing  for  2  hours . 

2840 

8000 

2445 

20000 

Dioxypyramidon  4-  200  mol.  NaOCsHs  . . 

2850 

6000 

2370 

20000 

3, 3-Methylacetylphenylhydrazine  in  alcohol . . 

2830 

4C)QD  , 

2535 

20000 

decrease  in  the  intensity  of  the  first  band,  and  then  an  increase  in  intensity, 
and  a  shift  toward  the  short  wave  direction,  of  the  second  band,  the  spectra 
approximating  the  absorption  spectrum  of  3>3-methylacetylphenylhydrazine. 

The  great  change  in  the  absorption  spectrum  of  dioxypyramidon  under  the  in¬ 
fluence  of  20  mol.  NaOCsHs  may  be  .^scribed  to  the  addition  of  a  molecule  of  alc- 
oholate  to  the  carbonyl  of  the  a-amldb  group  which  would  precede  the  alco¬ 

holysis  which  would  then  take  place.  During  this  process,  the  non-covalent 

CsHs*- 

N-COC-OC2H5  I 

:  0  i  -J  ■■ 

pair  of  electrons  of  the  atom  of  nitrogen,  previously  bound  to  the  carbtmyl 
group,  becomes  more  free,  and  more  actively  enters  into  reaction  with  the  benz¬ 
ene  ring.  This  leads  at  first  to  a  powerful  development  of  the  absorption  band, 
which  is  then  lowered  in  intensity  as  alcoholysis  takes  place  and  there  is  a 
transition  to  the  position  of  3, 3-methylacetylphenylhydrazine . 

Consideration  of  the  absorption  spectra 

It  has  been  shown  by  means  of  the  spectrographic  Investigations  of  the  3- 
acylated  derivatives  of  phenylhydrazine  that  their  absorption  spectra  are  af¬ 
fected  by  the  interaction  of  the  a-NH  group  with  the  benzene'  ring,  and  are  sim¬ 
ilar  to  the  absorption  spectra  of  phenylhydrazine  and  aniline,  while  a  change  in 
the  3-s.niino  group  of  phenylhydrazine  does  not  change  the  type  of  absorption, 
which  has  two  bands^  (l) 


CqHs 


(CH3)2N-C(>-{ 


/H3 

-rK 


C0CE3 


4*  NaQC2Hf^ 


(CH3); 


1754 


An  Investigation  of  a-acetylphenylhydrazlne  (ll)  showed  that  substitution 
In  the  a-NH  group  resulted  In  a  change  In  the  hydrazine  absorption  spectrum  In¬ 
dicated  previously,  with  the  formation  of  only  a  single  absorption  band,  which 
corresponded  to  the  band  of  acetanilide  (ill).  At  the  same  time,  the  acetanil¬ 
ide  spectrum  Is  also  maintained  during  the  introduction  of  a  second  acetyl  group 
Into  the  0-NH2  group,  as  in  a,3-diacetylphenylhydrazine  (IV).  Thus,  with  a-acyl- 
ated  derivatives  of  phenylhydrazine  the  main  significance  in  the  formation  of 
the  absorption  spectrum  is  to  be  attached  to  the  a-acetylamino  group;  the  3-NH2 
group  continues  to  have  a  secondary  significance  for  the  absorption  spectrum. 

The  same  sort  of  acetanilide  absorption  spectrum  was  also  obtained  in  the  inves-‘ 
tlgatlon  of  a- (dimethylamidooxalyl) -3-ciethylphenylhydrazine  (v)  and  a- (diiuethyl- 
amldooxalyl)-3, 3-methylacetylphenylhydrazine  (dloxypyramidon)  (Vl)and  of  the 
methyl  dster  of  oxalylmethylanilide  (VIl). 

Upon  comparing  the  absorption  spectra  of  the  listed  a-acyl  derivatives  of 
phenylhydrazine,  it  is  clear  that  their  absorption  .bands  correspond  almost  ex¬ 
actly  with  the  absorption  band  of  acetanilide,  differing  in  their  greater  con¬ 
stancy.  They  show  only  comparatively  small  shifts  toward  the  longer  or  shorter 
wave  directions  and  a  few  changes  in  the  intensity  of  absorption.  Similar 
changes  were  also  observed  under  the  influence  of  solvents.  These  were  espec¬ 
ially  notable  with  dloxypyramidon  (Vl),  for  which  the  absorption  band  shifted- 
more  and  more  to  the  short  wave  side  as  the  polarity  of  the  solvent  increased 
from  hexane  through  alcohol  to  water. 

The  action  of  alcoholic  HCl  on  the  a-acyl  derivatives  of  phenylhydrazine 
under  investigation  was  also  expressed  in  inconsiderable  shifts  of  the  band  and 
changes  in  the  intensity  of  absorption,  and  differed,  moreover,  depending  on  the 
basicity  of  the  a-araino  group,  which  took  part  in  salt -format ion  under  the  ac¬ 
tion  of  the  HCl. 


The  action  of  sodium  alcoholate,  on  the  other  hand,  was  directed  at  the  a- 
amldo  group,  and  first  Included  the  addition  of  the  alcoholate,  which  was  accom¬ 
panied  by  the  appearance  of  a  new  band  and  a  considerable  change  in  the  absorp¬ 
tion  spectra  of  the  a-acylated  phenylhydrazine  derivatives. 


It  was  possible  to  distinguish  the  action  of  the  sodium  alcoholate  most 
clearly  during  the  investigation  of  dioxypyramidon,  where  we  could  determine 
the  subsequent  splitting  off  of  the  a-oxalyl  group  - (CH3)2N~CO-CO-,  as  with  the 
formation  of  3, 3-niethylacetylphenylhydrazine ,  the  absorption  spectrum  was  trans¬ 
formed  to  the  hydrazine  type,  with  two  absorption  bands  This  very  definitely 
confii'ms  the  significance  of  the  a-acyl  group  for  the  formation  of  spectra  of 
the  acetanilide  type. 

Thus,  we  have  for  the  acyl  substituted  phenylhydrazine  3-C6H5-NH-N 
a  ^ectrum  with  two  absorption  bands  of  the  hydrazine  type,  similar 


CO-R 


to  the  spectra 
sorption  band. 


of  aniline;  for  a-CsHs-N^^^ 
similar  to  the  spectra  of  acetanilide. 


a  spectrum  with  a  single  ab- 


As  the  result  of  the  interaction  of  the  NH2  group  with  the  benzene  ring, 
aniline  may  have  the  following  electronic  structures. 


Because  of  the  similarity  between  the  spectra  of  aniline  and  phenylhydra¬ 
zine,  hydrazine  and  its  hydrazo  forms  may  have  analogous  electronic  structures 

[la]: 


1 


TABLE  h'J  ' 


1  Band  I 

1  Band  I I 

Name 

HI 

e 

e 

In  alcohol 

B 

' 

I.  3-Acetylphenylhydrazlne 

CsHs-Ng-NH-CO-CHa  . . 

2810 

1000 

2333 

10000 

II  a-Acetylphenylhydrazine 

CO-CHa 

C6H5-n( 

-  .  ^2  . . . . . 

2400 

8000 

III.  Acetanilide 

# 

CO-CH3  . . . . . 

C6H5-n( 

• 

* 

2400 

13500 

IV.  a,3-Diacetylphenylhydrazine  ••  • 

CO-CH3 

C6H5-n(_ 

'NH~C0“CH3  . . 

2395 

10000 

V .  a- ( Dime thy lamidooxalyl ) - 3 -me thylphenylhydraz ine 

•  rQ-C0-N(CH3)2 

CsEs-N? 

NHCH3  ■•....aaoa.<.aa<>«.a«..a.o.oo.a.. 

2490 

10000 

VI.  a- (Dimethylamidooxalyl) -3, 3-Jtiethylacetyl- 
phenylhydrazine  (dioxypyramidon)  . 

i 

aC6“CON(CH3)2 

CeHs— n/  y^O-CHa  . . . 

■ 

1 

2410 

8000 

i 

VII.  Methyl  ester  of  oxalylmethylanili’de 

; 

aCO-COOCHs  •  •*' 

C6H5-n(  ^ 

\C53  . . 

— 

— 

2160 

200C0 

The  introduction  of  an  acyl  group  into  aniline  (i)  and  into  the  a -position 
of  phenylhydrazine  (ll)  leads  to  the  formation  of  acylamido  forms^  which  also 
are  transformed  into  acylimido  forms. 


Acetylation  of  the  NH^  group  in  aniline  and  of  the  a-NH  group  in  phenylhyd- 
razine  thus  decreases  the  mobility  of  the  non-covalent  pair  of*  electrons  at  the 
nitrogen  atom,  and  decreases  their  interaction  with  the  ring.  In  connection 
with  this,  their  chemical  activity,  and  consequently  their  toxicity,  are  also 
lowered.  • 

As  antipyretic  properties  are  possessed  by  other  aromatic  compounds  which 
do  not  contain  the  amino  group,  like  phenol  and  salicylic  acid,  we  must  assume 
that  they  contain  an  active  antipyretic  portion  of  the  benzene  ring.  The  intro¬ 
duction  of  basic  residues  like-^JH2  and  -NH-NHg' develops  ■*:he  latent  properties 
of  the  benzene  and  only  strengthens  its  characteristic  physiological  properties, 
the  hydrazo  group  -  NH-NH^  acting  more  powerfully  than  the  amino  group  -NHs*  The 
action  of  the  hydrazo  group  Is  more  powerful  than  that  of  the  amino  group  because 
of  the  fact  that  the  3-amino  group,  as  a  base,  increases  the  mobility  of  the 
non-covalent  pair  of  electrons  in  the  a-NH  group, 

A  decrease  in  basicity,  as  was  shown  in  the  consideration  of  the  spectra  of 
the  3-acyl  derivatives  of  phenylhydrazine,  by  means  of  the  introduction  of  an 
acyl,  and  in  particular  of  a  carbamine  group,  is  dependent  upon  the  condition  of 
the  acyl-amide  group,  and  is  also  shown  at  the  a-N  atom;  it  leads  to  a  decrease 
in  the  toxicity  of.  the  compound.  The  introduction  of  acyl  groups  into  the  a-NH 
group  creates  acylamide  and  acylimid  structures  for  acetanilide.* 

;o'.  •'d*'" 

i  +_ 

CH3"”C“NH  ^  CH3“C=NH 

I  ,  “  •  .  I 


and  for  dimethylamidocxalylamide? 

p  :p:  .  .0 

II  I  •*  .  ^  ^  II  I  + 

sN-C— C— N-  ^ (CH3)2N— C— C=N- 

by  lowering  the  mobility  of  the  non-covalent  electron  pair  at  the  a-N  atom,  and, 
therefore,  its  interaction  with  the  benzene  ring. 

During  all  this  the  antipyretic  action  is  completely  preserved,  but  the 
destructive  action  on  blood  corpuscles  is  considerably  decreased  As  this  de¬ 
structive  action  on  the  blood  is  not  poscessed  by  other  antipyretic  aromatic 
compounds,  such  as  salicylic  acid,  nor  by  non-antipyretic  nitrogen-containing 
compounds  like  nitrites,  nitroglycerine,  and  others,  the  destructive  action  of 
aniline  and  phenylhydrazine  on  the  blood  must  be  ascribed  to  the  N  atom.  Corres¬ 
ponding  to  this  lowering  of  its  toxicity  by  the  action  of  acetyl  groups,  there 
is  a  decrease  in  the  mobility  of  the  electrons  at  the  nitrogeh  atom  as  a  result 
of  the  participation  of  its  electron  system  in  interaction  with  the  CO  group. 

By  decreasing  the  local  action  on  the  blood,  it  is  possible  that  the  a-acylated 
compounds,  as  such,  may  better  reach,  in  the  central  nervous  system,  the  centers 
which  receive  the  sensations  of  illness,  and  the"  thermoregulatory  centers,  where 
they  also  develop  their  inherent  activity. 

SUMI-!AFy 

1.  The  methods  fcr  the  preparation  of  dicxypyramidon,  according  to  Charrcnat 


and  Delaby,  have  been  gone  through,  and  as  these  authors  indicate,  the  best 
method  for  the  oxidation  of  pyramidon  was  found  to  be  by^ means  of  perhydrol 
without  a  solvent  at  0® .  ■ 

2.  A  method  has  been  developed  for  the  preparation  of  the  first  crystals 
of  dioxypyraaidon  from  a  persistently  uncrystalllzable  mass. 

3.  It  has  been  shown  that  the  hydrolysis  of  dioxypyraaidon  with  dilute  sul¬ 
furic  acid  gives  a-(dlmethylamidooxalyi)-3-methylphenylhydrazlne,  and  that  this 
may  serve  as  a  method  of  preparation  of  the  latter. 

4.  The  syntheses  of  a-acetylphenylhydrazine,  a, 3-dlacetylphenylhydrazlne, 
and  the  methyl  ester  of  oxalylmethylanlllde  have  also  been  gone  through. 

5.  The  absorption  spectra  of  the  above  compounds  have  been  investigated  in 
hexane,  alcohol,  water,  and  in  alcoholic  solutions  of  hydrogen  chloride  and 
sodium  alcoholate 

6.  It  has  been  found  that  the  substitution  of  a  hydrogen  atom  by  an  acyl 
group  at  the  a-nitrogen  of  phenylhydrazlne  and  of  its  3-acylated  derivatives 
at  first  gives  an  absorption  spectrum  similar  to  the  spectrum  of  acetanilide, 
with  a  single  absorption  band. 

7.  The  stability  of  the  absorption  spectra  of  a-acyl  substituted  compounds 
has  been  shown  in  alcoholic  hydrogen  chloride  solution,  and  it,  has  been  shown 
that  they  are  variable  under  the  action  of  sodium  alcoholate,  depending  on  the 
amount  of  alcoholate  and  the  time  of  action. 

8.  It  has  been  found,  with  regard  to  the  variability  of  the  absorption 
spectra,  that  sodium  alcoholate  forms  addition  products  to  the  carbonyl  group 
of  a-acyl  substituted  phenylhydrazlne,  as  the  first  step  in  the  splitting  off 
of  the  a-acyl  group  by  the  alkali. 

9.  It  has  been  shown  that  the  appearance  of  the  latent  antipyretic,  anti- 
neuralgic  properties  of  the  benzene  ring  when  -NH2  and  -NH-NH2  groups  are  intro- 
du(^ed  is  caused  by  the  Interaction  of  these  groups  with  the  benzene  ring;  with 
a-acyl  derivatives  of  phenylhydrazlne,  dioxypyramidon  in  particular,  the  a-(di- 
methylai!iidooxalyl)-3;3-niethylacetylphenylhydrazine  type  of  spectrum  is  sharply 
differentiated  from  the  spectrum  of  pyramidon.  The  decrease  in  the  toxicity 

of  the  phenylhydrazine  residue  takes  place  at  a  higher  stage  as  a  result  of 
the  interaction  of  the  a-atom  of  nitrogen  with  the  dlmethylamidooxallyl  group 
and  of  the  3-aton  of  nitrogen  with  the  acetyl  group.  The  accumulation  of  amide 
groupings  apparently  determines  the  appearance  of  hypnotic  properties.’ 

10.  The  structure  of  dioxypyramidon  is  of  interest  for  further  chemical 
and  pharmaceutical  investigation. 

•  ,  I 
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ON  PSEUDOALLICIN 


M.  A.  Relous  and  I,  Ya.  Postovsky 

Laboratory  of  organic  Chemistry  of  the  S  M  Klrcr  Oral  Polytechnic  Institute 
and  the  oral  Branch  of  the  All-Onlon  Scientific  Research  Chemical-Pharmaceutlcal 

Institute,,  Sverdlovsk 

The  objective  of  the  present  work  was  the  synthesis  of  the  allyl  ester  of 
allylthlosulfonic  acid  (l),  a  substance  whose  structure  is  similar  to  that  of 
the  antibiotic  allicin  (ll),  which  was  first  shown  to  be  active  in  the  Juice  of 
the  garlic; 

CH2 = C52”  S  02“  S~  CH2~  ^^2  > 

(I) 

CH2=CH-CH2“S0-S-CH2-CH=CH2 . 

(II)  • 

The  antibacterial  action-  of  the  garlic  (Allium  sativum)  has  long  been  known 
In  popular,  medicine,  Tokin  [1]  ascribed  the  antibacterial  and  protistacidal 
properties  of  the  juice  of  certain  plants,  Including  the  juice  of  the  garlic,  to 
the  presence  in  them  of  phytocides,  substances  which  have  the  characteristic  p'ro- 
tectlve  powers  of  plants  against  microorganisms. 

’  •  Allicldin  (ll),  first  shown  to  be  active  in  the  juice  of  the  garlic,  was 

Isolated  by  Gaval].ito  and  his  coworkers  [2,3,4]  from  the  cap  of  the  garlic  in 
19^4,  and  only  recently,  in  the  middle  of  1947>  vas  Its  synthesis  accomplished 
[5]*  by  the  oxidation  of  diullylsulf ide  with  percarboxylic  acids,  in  accordance 
with  the  equation*, 

CH2=CH-CE2-S“S-CH2-CH=^CH2  — (II)  +  RCOOH,  (l) 

The  mechanism  suggested  for  the  antibacterial  action  of  the  allicidin  Includes 
the  Interaction  of  the  compound  with  metabolites  which  contain  sulfhydryl  groups 
and  are  vitally  Important  for  the  growth  of  the  bacterial  cysteine  and  glutathi¬ 
one  , 

As  a  result  of  the  reaction 

CaHs-SO-S-CaHs  +  HS-CH2-CH(NH2)-C0CH  - 2C3H5-S-S-CH2-CH-COOH  (2') 

(III)  SH2 

there  is  a  'blockade'  of  the  sulfhydryl  group  the  metabolite  and  hence  a  break¬ 
down  of  the  metabolic  process  of  the  bacterial  cell. 

The  esters  of  thicsulfonic  acids,  as  is  known  [6,7']  have  the  ability  to  re¬ 
act  easily  with  mercapto  compounds,  in  accordance  with  reaction  (3)*  As  a  result 
of  this  reaction,  as  in  the  preceding  reaction  (2),  there  is  a  possible  "blockade* 

of  the_^ulfhydryl  group  of  the  metabolite  P'^-SKi 
•  -  — 

The  work  carrir^l  out  in  194r*  and  presented  at  a  colloouim  at  the  All  Union  Scientific  Research  Phanna 
ceutical  Institute  Mosccm-.  June  3.  1047. 


R-S02-S-R'  +  HS-R" 


R-SO2H  +  R’-S-S-R” 


(3) 


Starting  with  this  interesting  property  of  the  esters  of  thiosulfonic  acids, 
we  assumed  that  the  allyl  ester  of  allyl thiosulfonic  acid  (l)  would  suppress 
the  growth  of  bacteria  in  a  way  similar  to  allicin  (ll). 

In  order  to  obtain  this  compound,  to  which  we  gave  the  name  " pseudoallicin* ,* 
we  carried  out  two  methods  of  synthesis. 


^  )  CH2”  CH~  CH2—Br 


b)  5C3H5SO2H 


Mg 


First  method  of  synthesis 

■  CaHsMgBr  (C3HsS02)2Mg  >•  C3H5SO2H, 

(IV) 


C3H5~S02~S“C'3H5  +  C3H5Sb3H. 

(I)  . 

Second  method  of  synthesis 


(4) 


a)  CH2=CH-CH2Br  — 


POCl; 


C3H5S03Na 
(V) 

C3H5-SO2-SK. 


C3H5SO2CI 

(VI) 


KSH 


b)  C3H5~S02~S|  K  +  Brj  C3He 


(VII) 

C3H5~S02~S~C3H5 

(I) 


(5) 


The  synthesis  by  the  first  method  (Equation  h)  was  based  on  the  analogous 
reactions  of  other  aliphatic  sulfinic  acids  ’[4].  However,  it  did  not  succeed 
in  attaining  the  designated  objective  as  a  result  of  the  impossibility  of  isola¬ 
ting  in  free  form  the  extremely  unstable  allylsulf inic  acid  (IV). 

The  synthesis  of  pseudoallicin  could  be  carried  out  smoothly  by  the  2nd 
method  (Equation  5)»  A,s  intermediate  products,  we  synthesized  the  following, 
which  are  not  described  in  the  literature;  sodium  allylsulf onate  (V)  (in  the 
form  of  a  double,  salt  with  NaBr),  allylsulfochloride  (Vl)  and  potassium  allyl- 
thiosulfoaate  (VIl) . 

The  structure  of  the  allylsulfochloride  was  confirmed  by  the  preparation  of 
allylsulfamide  (VIIl)  and  of  its  dibromo  derivative  (IX),  as  well  as  of  the  anil¬ 
ide  of  allylsulfonlc  acid  (X) : 

C3H5-SO2NH2  CH2Br-CHBr-CH2-S02NH2 

(VIII)  (IX) 

'C3H5-S02-M^C6H5  •  •  . 

(X)  ' 

The  condensation  of  potassium  allylthiosulfonate  with  allyl  bromide  (Equation 
5,b)  took  place  well  even  in  the  cold  in  aqueous-acetone  medium.  The  reaction 
product  (l)  after  purification  was  a  mobile,  yellowish  oil,  and  even  at  great 
dilutions  it  had  a  stinging  taste  and  the  firmly  clinging  odor  of  garlic.  In 
its  physical  and  chemical  properties  pseudoallicin  Is  very  strongly  reminiscent 
of  allicin.  Like  allicin,  it  mix  s  with  alcohol,  benzene,  ether,  and  acetone, 
and  is  slightly  soluble  in  water  and  petroleum  ether.  With  mercuric  chloride 
it  forms  a  colorless,  difficultly  soluble  precipitate;  it.  rapidly  decolorizes 
bromine  water  ana  a  solution  of  permanganate.  Tin  plus  hydrochloric  .acid  reduce 
pseudoallicin  to  allyl  mercaptan, 

Pseudoallicin  is  unstable  to  heat,  but  apparently  is  more  stable  than  alllcinr, 


C3H5SO2CI 


1762 


On  storage  at  roosi  temperature,  it  Is  found  that  after  some  time  there  is  a  slight 
evolution  from  pseudoallicin  of  bubbles  of  sulfur  dioxide.  At  a  temperature  belov 
0*  no  change  in  the  substance  was  noted  even  after  it  had  been  kept  for  three 
months .  • 

As  is  shown  in  Equation  (2),  allicln  reacts  with  cysteine  to  form  S-thioallyl 
cysteine. 

In  order  to  verify  the  possibility  of  a  similar  reaction  between  pseudoalli¬ 
cin  and  bacterial  metabolites  which  contain  sulfhydryl  groups',  we  studied  the  re¬ 
action  of  pseuaoallicin  with  cysteine.  We  found  that  the  hydrochloride  of  1-cys- 
telne  easily  split  pseudoallicin,  with  the  formation  of  S-thioallylcysteine  (ill)- 
In  accordance  with  the  equation 

C3H5SO2-S-C3H5  +  HS-CH2-(pI-C00H  — ►  C3H5SO2H  +  C3H5-S-S-CH2-CH-COOH.  (6) 

.  NH2  (ill) 

It  is  of  interest  to  note  that  S-thioallylcysteine  (ill),  previously  obtained  by 
Cavallito  and  his  cowerkers  by  the  cleavage  of  allicln  (cf.  Equation  2),  had  an 
m.p.  'above  I85®  "  .  The  substance  obtained  by  us  had,  after  purification,  a  con¬ 
stant  m.p.  of  I8I-I82® .  Its  structure  was  shown  by  us  by  its  reduction  to  allyl 
mercaptan  and  cysteine,  in  accordance  with  the  equation: 


-  C355-&-&-CH2-CH  (NH2 )  COOH 


Sn  +  HCl 


C3H5SH  +  HS^CH2-CH-COOHo 

•  IIH2 


(7) 


The  structure  of  pseudoallicin  was  also  confirmed  by  a  determination  of  its 
molecular  weight,  molecular  refraction,  and- parachor . 

Microbiological  tests  with  pseudoallicin  showed  that  with  respect  to  gram¬ 
positive  and  gram -negative  bacteria  it  had  an  activity  which  averaged  half  that 
of  allicln.  The  antibacterial  activity  of  pseudoallicin,  like  that  of  allicln, 
was  not  decreased  by  paraaminobenzoic  acid;  the  addition  of  1-cysteine  resulted 
in  the  complete  inactivity  of  pseudoallicin.  In  experiments  "in  vivo"  it  was 
observed  that  pseudoallicin  had  considerable  toxic  properties,  which  is  also 
known  to  be  true  of  allicin.  This  fact  is  an  obstacle  to  its  practical  utili¬ 
zation  as  an  antibacterial  substance. 


EXPERIMENTAL 

•Sodium  allylsulfonate  (V)  from  allyl  bromide 

200  g  (0.8  mcl)  of  crystalline  sodium  sulfite  (Na2S03  +  7H2O)  was  placed  in 
a  round-bottomed  0,5  liter  fladk,  fitted  with  a  stirrer,  a  mercury  seal,  a  drop¬ 
ping  funnel,  and  an  actively  functioning  reflux  condenser.  To  the  flask  there 
was  added  300  ml  of  water,  and  while  the  solution  was  heated  to  60",  with  the 
stirrer  going,  there  was  added  drop  by  drop  over  a  period  of  1  to  1.5  hours  ICO 
g  (0.82  mol)  of  allyl  bromide,  obtained  from  allyl  alcohol  [a].  The  reaction 
mixture  was  maintained  hot  by  the  heat  evolved  in  the  reaction.  The  stirring 
was  continued  for  another  I.5  hours,  after  which  the  flask  was  heated  for  another 
hour  on  the  boiling  water  bath,  the  stirrer  still  going.  After  this  time,  the 
oily  drops  of  allyl  bromide  had  completely  disappeared.  The  solution  was  shaken 
with  activated  carbon,  filtered,  and  evaporated  on  the  water  bath  to  dryness. 

The  colorless  crystalline  residue,  which  was  a  mixture  of  salts,  was  ground  up 
and  dried  at  IO5*.  Yield  188  to  194  g. 

The  mixture  of  salts  was  used  without  purification  for  further  treatment 
to  give  allylsulfochlorlde  (cf,  below). 

By  means  of  extraction  with  boiling  SG’p  alcohol  there  were  obtained  from 


*"  ’  [  i.  f".*.  x’ 
vere  drj» 


lire*  f'r'iOrlesE^.  fibroiiti  netdlfS  cf  tho  double  salt  of  a  i  ly  1  culff' • 

rcdlutr  bromide  After  3  c rybtal  1  Izat Icrs  frnn  96‘t’  alcor.ol^  the  cryatuiu 
d  in  vacuum  at  }00'. 


0  16U2  g  substance  ’  0.0022  g  •?Ja2:S04 
0  1565  b  substance,  C.076'.  r  IIapS04  = 

0  3  222  g  rubntance-  g  AgBr,  O,l8o9  PtSOj. 

0.1220  g  substance?  0.0172  g  AgPr.  0.l840  g  BaS04^ 

Found  Nu,  16  20,  lb  Br  6^38,  6.01; 

S  20.85,  20.71- 

8C2nt.SC-.Ka  +  NoEr.  Computed  1  ICa  lc.5i;  Br  6  35;  5  20.^5- 

C’r.e  pu'^'S'ance  dissolved  very  well  In  water,  slightly  In  9^^  alcchcl  in  the  cold, 

•  e  -  *-r  irrn  heating.  It  decocipcsed  with  partial  melting  at  about  235*  >  after 

d  ving  in  a  de.siccator  at  130*^,  consi-ieriible  V'-*! Icwir.g  was  observed.  No  ihdica- 
of  dercmpositlon  were  observed  after  standing  in  the  .air  for  several 
D'0:.*'nc  . 

In  •.ent.T-adlstinction  to  the  double  salt  obtained  by  us,  A.E-.Arbuzov  [9]  has 
I- -.  }• 'bed  a  double  salt  of  potassium  al lyl sulfonate  and  potassium  iodide, 

{1 ' -b.  SCj.K  -  Kl)  which  is  unstable,  has  a  pale  yellow  color,  and  quickly  turns 
•'e.low  upon,  heating. 

Allylsulfcchlorlae  (vi) 

7r;t*  crude  mixture  of  salts  from  the  preceding  experiment  (18O  g  of  mixtui'e, 
••■‘a.'  i'.g  approximately  0,7  molt  of  pure  allyl  sulfonate)  was  carefully  dried, 
f  A  <•*  mortar,  placed  In  a  O.h  liter  thrce-necked  flask,  and  covered  with 

•  rO  g  ..2,1  mole)  of  phosphorus  oxychloride, 

t'ne  flask,  fitted  with  a  thermometer,  a  stirrer,  and  a  reflux  condenser, 

-  l''-ntcd  on  th*^  oil  bath  while  stirring  continued  for  . 3  hours  at  IO5"  (ther- 
in  the  reaction  mixture). 

.Aft*.*r  It  had  cooled,  the  excess  of  phosphorus  oxychloride  was  driven  off 
.  v  water  bath  at  50-80'*  under  a  pressure  of  80  .mm.  There  remained  In  the 
f  nsk  ^.n  most  colorless  resinous  mass.  This  was  ceded  and  treated  twice 
■*.'  .'-'-'roform  in  the  following  manner;  73  ml  cf  rhlcrcfcrm  was  added  to  the 
■  •  the  flask,  and  the  mixture  was  carefully  stirred,  and  filtered  The 

'cT-  ?he  filter  was  washed  with  30  ml  chloroform,  In  order  to  dissolve 
.  -  2  *he  residue  was  shaken  In  a  separatory  funnel  with  300  ml  cf  ice  . 

O’' ,  a.nl  then  extracted  twice  with  small  portions  •-'f  chloroform  (50  mi).  T>t^-' 

•  •  r -r  n  extracts  were  united,  dried  with  calcium  chloride*,  the  chloroform 

ff  on  the  water  bath,  and  the  residue  f.?”actionated  in  VaCuum  on  tlic  oil 
Tne  main  portion  of  the  product,  56  5  g  iti  amount,  distilled  at  73-75* .v 
n-ju  '■ , 
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On  storage  at  room  temperature,  it  is  found  that  after  some  time  there  is  a  slight 
evolution  from  pseudoallicin  of  bubbles  of  sulfur  dioxide.  At  a  temperature  below 
0*  no  change  in  the  substance  was  noted  even  after  it  had  been  kept  for  three 
months. 

As  Is  shown  in  Equation  (2),  allicin  reacts  with  cysteine  to  form  S-thioallyl- 
cysteine. 

In  order  to  verify  the  possibility  of  a  similar  reaction  between  pseudoalli¬ 
cin  and  bacterial  metabolites  which  contain  sulfhydryl  groups,  we  studied  the  re¬ 
action  of  pseudoallicin  with  cysteine.  We  found  that  the  hydrochloride  of  i-cys- 
telne  easily  split  pseudoallicin,  with  the  formation  of  S-thioallylcysteine  (ill) 
in  accordance  with  the  equation 

Ct3H5S02“S-C3H5  +  HS-CH2-OT-COOH  — ►  C3H5SO2H  +  C3H5-S-S-CH2-CH-COOH,  (6) 

NH2  (ill) 

It  is  of  interest  to  note  that  S-thioallylcysteine  (ill),  previously  obtained  by 
Cavallito  and  his  coworkers  by  the  cleavage  of  allicin  (cf.  Equation  2),  had  an 
m.p.  'above  I85® "  .  The  substance  obtained  by  us  had,  after  purification,  a  con¬ 
stant  m.p,  of  181-182®.  Its  structure  was  shown  by  us  by  its  reduction  to  allyl 
mercaptan  and  cysteine,  in  accordance  with  the  equation: 

'C3^5-S-S-CH2-CH(NH2)C00H  — C3H5SH  +  HS-CH2-CIf-C00H.  (?) 

•  NH2 

The  structure  of  pseudoallicin  was  also  confirmed  by  a  determination  of  its 
molecular  weight,  molecular  refraction,  and  parachor. 

Microbiological  tests  with  pseudoallicin  showed  that  with  respect  to  gram- 
positive  and  gram -negative  bacteria  it  had  an  activity  which ^averaged  half  that 
of  allicin.  The  antibacterial  activity  of  pseudoallicin}  like  that  of  allicin, 
was  not  decreased  by  paraamincbenzcic  acid}  the  addition  of  1-cysteine  resulted 
in  the  complete  inactivity  cf  pseudoallicin.  In  experiments  "in  vivo"  it  was 
observed  that  pseudoallicin  had  considerable  toxic  properties,  which  is  also 
known  to  be  true  of  allicin.  This  fact  is  an  obstacle  to  its  practical  utili¬ 
zation  as  an  antibacterial  substance. 

EXPERE.ffiNTAL 

.  Sodiu.T.  allylsulfcnate  (V)  from  allyl  bromide 

200  g  (0,8  mcl)  of  crystalline  sodium  sulfite  (Na2S03  +  7H2O)  was  placed  in 
a  round-bottomed  O.f?  liter  fladk,  fitted  with  a  stirrer,  a  mercury  seal,  a  drop¬ 
ping  funnel,  and  an  actively  functioning  reflux  condenser.  To  the  flask  there 
Vds  added  3OO  ml  of  water,  and  while  the  solution  was  heated  to  60",  with  the 
stirrer  going,  there  was  added  drop  by  drop  over  a  period  of  1  to  1,5  hours  100 
g  (0,82  mol)  of  allyl  bromide,  obtained  from  allyl  alcohol  [a].  The  reaction 
mixture  was  maintained  hot  by  the  heat  evolved  in  the  reaction.  The  stirring 
was  continued  for  another  1,5  hours,  after  which  the  flask  was  heated  for  another 
hour  on  the  boiling  water  bath,  the  stirrer  still  going.  After  this  time,  the 
oily  drops  of  allyl  bromide  had  completely  disappeared.  The  solution  was  shaken 
with  activated  carbon,  filtered,  and  evaporated  on  the  water  bath  to  dryness. 

The  colorless  crystalline  residue,  which  was  a  mixture  of  salts,  was  ground  up 
and  dried  at  105®.  Yield  I88  to  194  g. 

The  mixture  of  salts  was  used  without  purification  for  further  treatment 
to  give  allylsulfochlor ide  (cf,  below). 

By  means  of  extraction  with  boiling  9^^  alcohol  there  were  obtained  from 


I'.Io  n'-y* 'irt=‘  rr-iorlcsr.  fibrous  needit-c  cf  ^h.€*  double  salt  of  jccjIuji  -il  lyl  salfo  • 
u^e  fii  d  f’cdlum  broti;!iie  After  ^  '.rystnl  1  izat  10!is  from  96i-  alcohol^  the  rrystals 
•-•ere  dried  in  vacuum  at  100®. 

0,16^2  g  Gubstcin^e'  0.'''8c2  f. 

0  1^65  g  substance  0.076u  g  IlHp.?04 

0,1222  g  rubstnnce-  Cj'-lfw  g  Agnr^  0,l8n9  g  P'jSO^. 

0.1220  g  substance*  0,0172  g  AgPr ,  O.lB^^O  g  P.aS04, 

Found  'Jo*  Na  16  20,  16  C5i  Br  6o38»  6,01; 

S  20.85,  20.71c 

SC^HtSO^Na  +  NaBr.  Ccmputed ‘jt  Na  l6.5- *  o  35l  S  2O.I45. 

Ide  R’^'s'ance  dissolved  very  veil  In  water ,  slightly  in  alcohol  in  the  cold, 
■•e'-vr  -  r,  heat  mg.  It  deconiposed  with  par'^iai  melting  at  about  235*5  after 
d  -lOr  a  desiccator  at  I3O' ,»  consiaorable  yellowing  was  observed.  No  indica- 
'  •or.-  of  decomposition  were  ob.ierved  after  standing  in  the  air  for  several 


In  -.ontradistinction  to  the  double  salt  obtained  by  us,  A>E. Arbuzov  [a]  has 
I-'-  led  a  double  salt  of  potassium  ally]  sulfonate  and  potassium  iodide, 

'li''  "v  ..K  -  KI^  which  Is  unstable,  has  a  pale  yellow  color,  and  quickly  turns 
le.low  upon  heating, 

Al]ylsul-fochlor  Ide  (vi) 

7:.'*  crude  mixture  of  salts  from  the  preceding  experiment  (16O  g  of  mixture, 
i'.r  approximately  0,7  mol4  cf  pure  al lyl  sul fcnate)  was  carof’ully  dried, 
f  .fA  \r-  a  mortar,  placed  in  a  0  liter  three-necked  flask,  and  covered  with 

•  rC'  g  2-.:  mole)  of  phospliorus  oxychloride, 

"'.“.e  flask,  fitted  with  a  thermometer,  a  stirrer,  and  a  reflux  condenser, 

.  •  f-'a-^cd  on  th^  oil  bath  while  stirring  continued  for  3  hours  at  105“  (ther- 

•  -.t-tv-r  1*.  the  reaction  mixture), 

.'.f*er  It  had  cooled,  the  excess  of  phosphorus  oxychloride  was  driven  off 
i  T  .  -  waver  bath  at  50**^0*  under  a  pressure,  of.  80  mm.  There  remained  in  the 
'■  .'.ck  v.n -f.lmost  colorless  resinous  mass,  This  was  cooled  and  treated  twice 

■‘'Ic'-oform  in  the  following  mannf-rj;  75  ml  of  ^hlcrcform  was  added  to  the 
•  '  of  flask,  and  the  mixture  was  carefully  stirred,  and  filtered'.  The 

-c'd’o  <•:•';  the  filter  was  washed  with  30  mr'of  chlcrcform.  In  order  to  dissolve 
'..I'c-  -'ne  residue  was  shaken  in  a  separatory  f;n''el  with  j>00  ml  of  Ice  v 
••.ler  ,  and  tnen  extractc'd  twice  with  small  portions  jhlcroform  (50  ml).  Trie 
—  r -r  ra  extracts  were  united,  dried  with  calcium  rrlcride',  triO  chloroform 
r-..  .  ff  on  the  water  bath,  and  the  residue  fract ionated  in  vacuum  on  the  oil 
'  ■  T;:e  m-iin  portion  of  the  product,  56  5  g  in  amount,  distilled  at  73-75* 


A  small  amount  of  dark,  tarry  substance  remained  in  the  flask ■ 

.■■..•r  t:ei  fract  ional  distillation  oT  ’  ne  fra  .'tro'^s  which-boiled  below  73'* 
vav^  ,,r.  additional  9  S  of  pure  product  Tnus  ,  yle'id  of  al]  yl  sul  focbloridc 

.,vc’:  ^  o  66  5^  o^  th‘-  lea'*  ,  ba^i'  g  th  *  '■a',  c  il  t  Ion  on  t  v.o  allylsulfon- 

r'.'Vji,  of  Tlie  theoretical  basing  it  nn  t}\e  or-igc'.'tl  allyl  bromideo 

t,ub^*an:.p  was  distilled  In  a  vacuum  of  12"!,  “3  mm  thi'e^  times,  the  frac- 
ti~:-  boil  ic.g  at  7k  was  analyzed. 


2005  -j  substarvo  •  2,1''2,'')  g  Agt’O;- 
0:1,790  g  substance  g  AgNb-j. 

Found  ‘i  Ci  2‘*  08,  2^  .  73^ 
C,3nj.30pCl  Oomputoc  %  Ci  25  22. 


•TO  i  ■'a  ♦  I 


<d  fo,  s’.arti'u:  wi 


"'.fi  •  ;•  ■  ‘  f  r a  ^  t  i  o*'  o  1  t  b. 30p  g," 01 1 1  > 

I'i  '  !  1  tr't'.'  '  U  r  ,  .  for'  I  (  ♦‘.■'fM -s  , 


sulfonic  acids,  etc.  The  refraction  of  the  chlorine  atom  was  taken  as  the  same 
as  in  the  acid  chlorides  of  carboxylic  acids  [lo]  -  5 '96?. 

1.^730;  df°  1.3322;  found  MRq  29*53;  computed  MRp  29.00, 

Allylsulfochloride  was  in  the  form  of  a  mooile,  colorless,  strongly  refract¬ 
ing  liquid  with  a  sharp  odor,  irritating  to  the  mucous  membranes  of  the  nose  and 
eyes.  It  the  cold  it  did  not  react  noticeably  wiwh  water,  but  it  hydrolyzed 
quickly  upon  heating.  Metallic  tin  and  hydrochloric  acid  reduced  it  to  allyl 
mercaptan. 

Allyl  sulfamide  (VIIl)  from  all>lsulfochlor ide 

2.8  g  (0  ,02  mol)  of  freshly  distilled  allylsulfochloride  was  dissolved  in  25 
ml  of  dry  ether  and  saturated,  during  cooling  with  ice,  with  dry  gaseous  ammonia. 
The  mixture,  with  the  colorless  precipitate  which  had  formed,  was  allowed  to 
stand  for  a  half  hour  at  room  temperature,  and  the  ether  was  then  distilled  off. 
The  residue  was  extracted  twice  with  5  nil  portions  of  a  mixture  which  consisted 
of  ^(y^  benzene  and  3C^  alcohol.  The  extracts  were  combined,  and  the  solvent  was 
driven  off  on  the  water  bath,  the  last  traces  being  removed  in  vacuum.  The  yel¬ 
lowish  oil  which  remained  quickly  crystallized  upon  cooling  with  ice,  to  give  an 
almost  colorless  crystalline  mass.  The  yield  was  2.3  gf  which  amounted  to  95^ 
of  theory;  m.p.  • 

After  recrystallization  from  20  to  25  times  the  amount  of  benzene,  1,7  g  of 
a  substance  with  a  constant  m,p,  of  ^5®  was  obtained.  For  the  purpose  of  anal¬ 
ysis,  the  substance  was  dried  in  vacuum  over  paraffin. 

3.060  mg  substance:  0,313  ml  N2  (I8®,  719  mm). 

5.831  mg  substance:  0,583  ml  N2  (17**^  730  mm). 

Found  N  11,38,* 11.12, 

C3H7N02S>  Computed  N  11,55* 

Allylsulfamlde  dissolved  very  well  in  water  and  alcohol,  slightly  in  cold 
benzene.  It  was  practically  Insoluble  in  petroleum  ether.  A  supersaturated 
benzene  solution  of  allylsulfamlde  showed  a  po'werful  blue  fluorescence.  From 
benzene,  dry  'ether,  or  chloroform,  it  crystallized  in  the  form  of  colorless 
prisms. 


liie  bromlnation  of  allylsulfamlde  to  give 
propone -3  - sulfamido  TllD 


1 ,2-dibromo- 


0,18  g  .(0,0015  mol  )  of  allylsulfamlde  (m.p.  ^3*’)  was  dissolved  in  1  ml  of 
chloroform  and  a  solution  of  0,25  g  (0,00155  moL  )  of  bromine  in  2  ml  of  chloro¬ 
form  was  added  drop  by  drop,  with  cooling  by  ice.  The  evolution  of  heat  was  ob¬ 
served  in  the  solution,  and  rapid  decolonization,  with  the  separation  of  a  color¬ 
less  crystalline  precipitate,  After  all  the  bromine  solution  had  been  added, 
and  there  was  no  further  decolor! zat ion,  the  mixture  was  allowed  to  stand  in  ice, 
and  after  some  time  the  crystals  which  had  separated  were  filtered  off  with  suc¬ 
tion,  washed  with  petroleum  ether,  and  dried  in  the  air.  The  weight  of  the  pro¬ 
duct  was  0,42  g  (quantitative  yield);  m.p,  95-98'’. 


After  recrystall izatlcn  from  benzene  (5  ml)  the  melting"  point  was  unchanged. 
For  analysis,  the  substance  was  dried  in  vacuum  at  80®  over  paraffin. 


3.190  mg  substance: 
4,60  mg  substance: 
0,1043  g  substance; 
0.0972  g  substance? 

Found 

C3H7Br2N02S-  Computed 


0,145  ml  N2  (21“,  731  mra). 
0,196  ml  Np  (20®,  730  mm), 
0,1370  g  AgBr;  0,0858  g  BaS04, 
0,1281  g  AgBr,  0,0828  g  BaS04, 
N  5.08,  4,77;  Br  56,20,  56.12; 

s  11,25,  11.70, 

N  4,98;  Br  56,69;  S  11,42, 


The  substance  dissolved  well  in  alcohol  and  glacial  acetic  acid,  worse  in 
ether,  hardly  at  all  in  chloroform.  It  crystallized  from  water  in  the  form  of 
colorless  tetragonal  platelets,  and  from  benzene  in  the  form  of  leaves. 

The  anilide  of  allylsulfonic  acid  (X)  from  allylsulfochloride 

2.8  g  (0.02  mol)  of  freshly  distilled  allylsulfochloride  was  added,  drop 
by  drop,  with  stirring  and  cooling  with  ice,  to  10  g  (O.l  mol.)  of  freshly  distilled 
aniline.  As  the  addition  of  the  sulfochloride  continued  (temperature  of  mixture 
20  to  50*)  the  mass  turned  yellow  and  thickened  to  a  porridge.  Stirring  was  con¬ 
tinued  for  15  minutes  more,  and  the  mixture  was  then  heated  for  a  half,  hour  on 'the 
boiling  water  bath.  After  cooling,  the  reaction  mixture  was  poured  into  200  ml  of 
2N  hydrochloric  acid  solution,  and  allowed  to  stand  for  some  time  in  ice;  the  yel¬ 
lowish  crystals  were  then  filtered  off  with  suction,  washed  with  wai,er,  and  dried 
in  a  desiccator.  The  yield  was  5  =  5  which  amounted  to  89^  of  theory;'  m.p.  55-57*  • 

For.*  the  purpose  of  purification,  the  substance  was  dissolved  in  I5  ml  of  2  N  alk¬ 
ali  solution,  and  extracted  with  10  ml  portions  of  ether.  The  aqueous  solution 
was  acidified  with  2  K  hydrochloric,  acid  solution  and  allowed  to  stand  for  some 
time  in  ice.  Almost  colorless  crystals  precipitated  out.-  These  were  filtered  with 
suction,  washed  with  water,  and  dried  in  the  desiccator. 

After  crystallization  from  25  ml  of  hQ^p  alcohol  to  which  activated  carbon 
had  been  added,  2.9  g  of  a  colorless  substance  with  m.p.  62®  was  obtained. 

4.12  mg  substance?  0.264  ml  N2  (21®,  751  mm). 

4.00  mg  substance;  0.264  ml  Ng  (21®,  751  mm). 

0.2175  g  substance;  0.2579  g  BaS04. 

Found  N  7-17,  7-58;  S  16.26. 

C9H11O2NS.  Computed  N  7<>08;  S  I6.23. 

The  anilide  of  allylsulfonic  acid  was  easily  soluble  in  the  usual  organic 
solvents,  only  slightly  soluble  in  water,  even  boiling  water.  It.  crystallized 
from  dilute  alcohol  in  the  form  of  platelets.  It  dissolved  readily  in  alkalies 
and  in  soda.  From  such  solutions,  it  was  precipitated  unchanged  by  acids. 

Potassium  allylthlosulfonate  (VIl)  from  allylsulfochloride 

28.1  g  (0.2  mol)  of  freshly  distilled  allyl  sulfochloride  was  added  drop 
by  drop,  with  good  stirring,  to  a  solution  of  potassium  sulfide  which  had  been 
obtained  by  saturating  a  solution  of  25  g  of  caustic  potash  in  50  ml  of  water 
with  hydi'ogen  sulfide  and  cooling  to  10-15*. 

The  flask  was  cooled  with  cold  water,  and  the  sulfochloride  added  at  such 
a  speed  that  the  temperature  of  the  reaction  mixture  did  not  rise  above  15*  •  At 
the  same  time  as  bubbles  of  hydrogen  sulfide  were  evolved,  a  yellow  precipitate 
of  sulfur  formed,  "^is  gradually  dissolved  again.  At  the  end  of  the  reaction 
the  mixture  was  still  weakly  alkaline  to  phenolphthalein.  In  case  of  necessity, 
if  the  reaction  mixture  became  acid,  a  small  amount  of  caustic  potash  solution 
was  added.  After  all  the  sulfochloride  had  been  added,  the  mixture  w’as  stirred 
for  an  additional  hour  at  room  temperature,  and  then  transferred  to  a  boiling 
water  bath  and  stirred  by  hand.  During  this,  the  yellow  precipitate  of  sulfur 
quickly  dissolved.  The  pale  yellow  solution,  which  had  a  garlic  odor,  was  shaken 
with  activated  carbon,  filtered  from  the  carbon,  and  the  filtrate  evaporated  to 
dryness  on  the  water  bath.  The  almost  colorless  mixture  of  salts  was  dried  at 
105'  )  ground  in  a  mortar,  and  extracted  with  25O  ml  of  boiling  n-butanol. 

The  hot  solution  was  filtered  on  a  funnel  which  was  heated  with  steam 
through  a  cloth  filter  (paper  quickly  clogged  up)  and  the  precipitate  of  potas¬ 
sium  chloride  was  then  washed  on  the  filue^r  with  50  ml  of  hot  butanol.  From  the 
filtrate  there  separated  out  on  cooling  silv'ery  leaves  of  potassium  allylthlosulf¬ 
onate,  which  were  filtered  with  sucuion,  washed  with  absolute  ethyl  alcohol  and 
then  with  ether,  and  dried  at  90® . 


The  weight  was  28,2  g,  which  amounted  to  8l^  of  theory.  M.p.  147-1^8®, 

From  the  mother  liquor  It  was  possible  to  obtain^  by  distilling  off  the  solvent 
in  vacuum  on  the  water  bath,  an  additional  1,6  g  of  cruder  product. 

.  After  recrystallization  from  absolute  ethyl  alcohol  and  drying  in  vacuu"^ 
at  90®,  the  substance  with  m.p,  1U7-148®  was  analyzed. 

0.1721  g  substance;  O.O85I  g  K2SO4 . 

0.1533  g  substance,’  0,0762  g  K2SO4. 

0.2109  g  substance:  b.5590  g  BaS04 . 

Found  K  22. 18,  22,21,*  S  36.^1. 

C3H5O2S2K,  Computed  K  22. I8;  S  3^.30. 

Potassium  allylthiosulfonate  is  very  soluble  in  water,  soluble  in  96^  al¬ 
cohol,  slightly  soluble  in  absolute  ethyl  or  butyl  alcohol,  better  soluble  upon 
heating.  It  is  practically  insoluble  in  dry  ether,  benzene,  and  chloroform. 

From  boiling  absolute  alcohol  or  butanol  it  crystallizes  in  the  form  of 
silvery,  colorless  leaves.  Upon  acidification  of  the  aqueous  solution  of  the 
allylthiosulfonate  with  mineral  acids,  yellow  floes  of  sulfur  are  set  free,  in 
the  form  of  a  modification  insoluble  in  carbon  disulfide.  Upon  heating  the 
acid  solution,  there  is  a  copious  evolution  of  bubbles  of  sulfur  dioxide.  Acet¬ 
ic  acid  or  dilute  mineral  acids  in  the  cold  act  much  more  slowly.  Neutral  aq¬ 
ueous  solutions  of  potassium  allylthiosulfqnate  are  stable  upon  boiling. 

llylthicsulfonate  with  allyl  bromide 
f  pseudoall Icin") 

17.6  g  (0.1  mol.)  of  pure  potassium  allylthiosulfonate  was  dissolved  in  a 
mixture  of  120  ml  of  acetone  (purified  by  distillation  over  permanganate)  and 
2  ml  of  water.  To  the  solution  there  was  added  13,5  g  (O-H  mol.)  of  freshly 
distilled  allyl  bromide  (b.p,  69-71')^  Several  minutes  after  mixing  the  precip¬ 
itation  of  potassium  bromide  had  already  beg’jn ,  After  standing  overnight,  the 
mixture  was  filtered  and  the  precipitate  washed  on  the  filter  with  acetone.  The 
solvent  was  driven  off  by  passing  a  current  of  air  through  at  room  temperature. 
The  rest  of  the-  solvent  was  removed  by  keeping  the  mixture  in  a  vacuum  of  1  to 
2  mm  for  a  half  hour. 

The  almost  colorless,  faintly  yellow  oil  which  remained  had  a  strong  garlic 
odor.  It  was  shaken  with  5  cf  water,  the  water  removed,  and  the  operation 
repeated.  The  oil  was  then  extracted  with  20  ml  of  ether.  The  ether  layer  was 
removed,  the  residue  extracted  twice  more  with  5  nil  portions  of  ether,  and  the 
ether  extracts  combined  and  dried  with  calci’im'  chloride. 

The  dry  solution  was  filtered,  the  ether  removed  by  passing  through  a  cur¬ 
rent  of  dry  air  which  had  been  freed  from  physical  impurities,  and  the  residue 
kept  in  a  vacuum  of  1  to  2  mm  for  an  hour.  The  almost  colorless,  faintly  yel¬ 
low  mobile  oil  which  remained,  with  a  strong  garlic  odor,  was  analyzed.  It 
weighed  l6-5  g>  which  amounted  to  93^  of  theory, 

1.53^1;  1^5338;  df*^  1,1850;  found  MRp  ^6.30;  computed*  MRj^ 

U5.6O.  Exaltation** A MRq  r  0.7. 

Determination  of  the  parachcr.  Surface  tension  against  air  (in  the  appar¬ 
atus  of  P. A. Rebinder ) :  o  38-92  erg/cm~;  found  P  372-3*  Computed*** 

P  381,2. 

0.2290  g  substance;  0,31156  g  CO2;  O.I559  g  H2O. 

.  0.1491  g  substance-  0-2227  g  CO2:  O.O755  g  H2O. 

—  —  —  — 

The  refraction  of  the  group  and  of  sulfide  sulfur  ^  taken  equal  to  8  fS  and  8  00  respectively 
(average  values) 

The  exaltation  of  the  grouping  SO.  S  found  by  us  on  an  average  CQ'ialcd  "^0  6. 

•  •  • 

The  values  of  th^  atomic  pirachors  are  taken  from  Voii.ford  and  Phillips  [—]. 


The  condensation  of  potassium  _a 
(Preparation  o 


0.1985  6  substance.  g  BaS04c 

0.1958  g  substance:  0.5C53  g  BaS04. 

Found  C  40.^5,~i^0.74j  H  5.56,  5.66;  S  55-62,  55-66 

C6H10O2S2.  Computed  C  ^0.-^5;  H  5*62;  S  55-98. 

O.495U  g  substance;  I7.O765  g  benzene;  At  0.8U*;  Found  M:  176.8; 

computed  M:  I78.2. 

Pseudcalllcin  mixes  with  alcohol,  tennene,  ether,  and  acetone,  and  it  is 

slightly  soluble  in  water  and  petroleum  ether.  It  has  a  powerful,  very  penetra¬ 

ting  and  characteristic  odor  of  garlic,  and  a  burning  taste,  even  in  very  dilute 
concentration.  On  heating  with  tin  and  hydrochloric  acid,  it  gives  allyl  merc¬ 
aptan.  Under  the  action  of  alkali,  the  compound  decomposes,  and  the  character¬ 
istic  garlic  odor  disappears.  With  merc'oric  chloride  and  silver  nitrate  it  forms 
difficultly  soluble  precipitates.  It  rapidly  decolorizes  bromine  water  and  .per¬ 
manganate.  When  distilled  in  a  Vacuum  of  i  mm,  it  .decomposes,  a-  small  amount 
of  a  yellow  oil  with  a  garlic  odor  distilling  over  in  the  interval  80  to  IO5®, 
while  the  residue  in  the  distilling  flask  •'■hickens  to  give  a  tarry  mass  with  a 
dark  color  and  a  sharp  odor. 

The  decomposition  of  pseudcalllcin  with  1-cysteine 

The  hydrochloride  of  1-cysteine  was  obtained  by  reducing  1-cystine  with  tin 
and  hydrochloric  acid;  the  1 -cystine  was  prepared  by  the  well-known  method  from 
human  hair  [11].  . 

To  a  solution  of  0,9  g  (0  OO5  mol)  of  pseudoallicin  in  10  ml  of  alcohol, 
there  was  added  a  solution  of  0.8  g  (O.CO5I  mol)  of  the  hydrochloride  of  1-cys- 
teine  (m  p.  170-178^)  dissolved  in  a  mixture  of  10  ml  of  96^  alcohol  and  2  ml 
of  water.  After  standing  for  only  2  or  5  minutes,  the  precipitation  of  silvery 
prj  smat ic  leaves  of  the  disulfide  began,  and  at  the  same  time  .there  was  the  evo- 
luticn  of  bubbles  of  sulfur  dioxide.  After  a  half  hour,  the  precipitate  was 
filtered  with  suction,  washed  with  alcohol,  and  dried  on  a  water  bath. 

The  weight  of  precipitate  was  0.2  g;  m-.p.  I8O-I82®  (with  decomposition). 

The  acid  solution  was  neutralized  with,  solid  bicarbonate  Until  it  reached 
a  pH  of  rj  6  (bromocresol  purple  used  as  indicator) , 

The  crystals  which  came  out  were  filtered  with  suction,  vashed  with  a  di¬ 
lute  solution  of  acetic  acid  and  with  water,  and  dried  on  the  water  bath. 

Weight  of  the  precipitate  0,62  g;  m,p.  l80-l8l’  (with  decomposition). 

( 

A  mixed  test  with  the  substance  which  precipitated  from  the  acid  solution 
gave  no  depression  of  the  melting  point. 

The  total  yield  of  S-thioaliylcysteine  thus  amounted  to  85^  of  theory. 

After  the  precipitates  had  been  dissolved  in  alkali  and  acidified  with 
acetic  acid^  colorless  shining  leaves  precipitated.  They  had  m.p.  I8I-I82* 

(witn  decomposition). 

4.895  mg  substance  0,515  ml  N2  (l8%  751  mm). 

Found  N  7.22, 

C6H11NO2S2,  Computed  N  7  26. 

S-thlcaliylc ysteine  Is  soluble  in  mineral  acids,  and  alkalies,  slightly 
solu"^  le  in  belling  water  ,  and  practically  insoluble  in  cold  water  and  ordinary 
organic  solvents  Upon  acidifying  alkaline  solutions  of  S-thical lylcysteine 
with  acetic  acid,  the  compound  prec ipitaces  in  the  form  of  shining  leaves,  and 
wtien  acid  solutions  are  neutralized  with  bicarbonate  it  separates. in  the  form  of 
dull  platelets. 
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The  reduction  of  S-thloallylcysteine 

0,h  g  (0.002  mol)  of  S-allylthlocystelne  was  suspended  in  10  ml  of  hydro¬ 
chloric  acid  (7.5  ml  of  concentrated  HCl  solution  +  2.5  ml  of  water)  and  to  the 
suspension  thus  obtained  there  was  added  i  g  of  pure  granulated  tin. 

The  mixture  was  allowed  to  stand  over  night,  and  the  flask  was  then  fitted 
with  a  reflux  condenser,  supplied  with  a  curved  tube  for  the  passage  of  hydrogen 
and  transferred  to  a  boiling  water  bath.  A  very  slow  stream  of  hydrogen,  puri¬ 
fied  by  permanganate  solution,  was  passed  through  the  reaction  mixture.  The 
allyl  mercaptan  carried  off  in  the  current  of  hydrogen  was  absorbed  3.n  a  U-shaped 
tube  filled  with  alcohol.  After  2  hours  of  heating  with  the  reflux  condenser, 
the  circulation  of  water  in  the  reflux  condenser  was  discontinued,  and  the  cur¬ 
rent  of  hydrogen  was  speeded  up.  The  heating  was  continued  for  2  more  hours, 
and  the  reaction  mixture  then  cooled. 

The  alcoholic  solution  in  the  U-tube  had  the  characteristic  odor  of  allyl 
mercaptan.  With  an  alcoholic  solution  of  mercuric  chloride  it  gave  a  colorless 
difficultly  soluble  precipitate,  and  with  sodium  nitroprusside  in  alkaline  medium 
it  gave  a  characteristic  cherry  color.  *  ^ 

The  hydrochloric  acid  solution  was  poured  off  and  the  unreacted  tin  was 
washed  three  times  with  10  ml  portions  of  water.  The  wash  water  was  added  to 
the  hydrochloric  acid  solution  and  the  solution  was  saturated  with  hydrogen  sulf¬ 
ide.  The  precipitate  of  stannous  sulfide  which  came  down  was  filtered  off,  and 
the  colorless  transparent  filtrate  was  evaporated  on  the  water  bath  until  crys¬ 
tallization  began.  After  the  solution  had.  been  cooled,  colorless  prisms  precip¬ 
itated  out.  These  were  filtered  with  suction,  washed  with  ether,  and  dried  in 
a  desiccator.  Weight  0.25  Sf  m,p.  I7O-I78**  (with  frothing),  With  nitroprusside 
in  alkaline  medium  the  substance  gave  a  cherry  color.  A  mixed  test  with  the 
hydrochloride  of  l‘-cysteine  gave  no  depression  of  the  melting  point. 

5.720  mg  substances  0.44l  ml  N2  (I8®,  7^5  nim) , 

4.480  mg  substances  0.341  ml  N2  (18*,  745  mm) • 

Found  ioi  N  8,87,  8,75^ 

C3H7NO2S.+  HC1-.  Computed  N  8,87. 


SUMMARY 

1.  The  synthesis  of  the  allyl  ester  of  allyl thiosulfonic  acid  (l)  has  been 
described.  We  have  suggested  for  this  the  name  ” pseudoallicin"  because  of  the 
similarity  of  its  structure  and  properties  to  the  structure  and  properties  of 
allicin  (ll),  whose  action  was  first  'detected’  in  garlic, 

2,  Pseudoallicin  is  cleaved  by  cysteine  in  the  same  way  that  allicin  is 
cleaved  (Equation  2)  with  the  formation  of  S-thioallylcysteine  (Equation  6), 
These  reactions  shed  light  on  the  mechanism  of  antibacterial  action  of  allicin 
and  pseudoallicin. 
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ON  THE  CHLORINATION  OF  NAPHTHACENE 


AND  ON  SEVERAL  PECULIARITIES  OF  ITS  STRUCTURE* 


R.  G  Reiies  and  I.  Ya.  Postovsky 

Laboratory  of  Organic  Chemistry  of  the  S.M.  Kirov  Ural  Polytechnic  Ins ti tute .  Sverdlovsk 


. 1.  The  structure  of  the  red  dlhalogen  compounds  of  naphthacene 

We  have  shown  previously  [i]  that  when  naphthacene  is  halogenated  with 
chlorine  and  bromine  in  the  cold,  unstable  colorless  tetrahalogen  derivatives 
are  formed  (see  Equations  1,  Formula  2).  These,  by  losing  the  hydrogen  halide 
acid,  are  easily  transformed  into  the  red  dihalogen  compounds.  In  order  to 
elucidate  the  position  of  the  halogens  in  these  dihalogen  naphthacenes,  they 
were  treated  with  alcoholic  alkali- while  being  heated  in  a  sealed  tube,  in  or¬ 
der  to  obtain  the  corresponding  hydroquinone  or  quinone  of  known  structure. 

As  a  result  of  the  reaction  we  obtained  para-naphthacenequinone  (4),  in 
addition  to  naphthacene  (l). 

These  gave  us  reason  to  consider  the  red  dihalogen  compounds  as  para  deriv¬ 
atives  (3) . 

In  addition,  during  the  oxidation  of  dichloronaphthacene  with  chromic  an¬ 
hydride  in  glacial  acetic  acid,  we  obtained  monochloronaphthacenequincne,  to 
which  we  ascribed  the  ana  structure  (6)  as  a  result  of  the  fact  that  this  mono- 
chloroquinone  was  identical  with  the  one  we  obtained  by  the  careful  chlorination 
of  ana-quinone. 

It  appeared  that  all  these  data  were  sufficiently  in  accord  to  indicate 
the  para  structure  of  the  red  dihalogen  compounds  of  naphthacene. 

However,  as  was  shown  in  a  previous  communication,  in  the  chlorination  of 
ana-quinone  with  sulfuryl  chloride  a  rearrangement  takes  place,  as  a  result  of 
which  monochloro -para-quinone  (7)  is  formed  instead  of  the  expected  monochloro- 
ana-quinone  (6).  Hence,  it  followed  that  the  monochloronaphthacenequinone  formed 
by  the  oxidation  of  the  red  dichloronaphthacene  had  not  the  ana  structure  (6) 
but  the  para  structure  (7) »  This  conclusion  forced  us  to  review  our  previously 
deduced  structural  formulas  for  the  red  dihalogen  compounds  of  the  hydrocarbon 
(3).  From  the  para  structure  which  had  been  determined  for  monochloronaphtha- 
cenequinonc  (7)  the  ana  structure  (8)  followed  for  the  red  dichloronaphthacene, 
as  only  this  structure  for  the  dichloro  derivative  could  give  the  monochloro 
naphthacenequinone  with  the  para  structure  (7)  upon  oxidation. 

The  correctness  of  this  conclusion  was  shown  by  a  comparison  of  the  mono¬ 
chloronaphthacenequinone  obtained  by  the  oxidation  of  the  red  dichloride  with 
the  known  monochloro-para-naphthaceneouinone  (cf.  Equations  2,  V  -  VIII  and 
VIII,  XT  -V-  VIII,  XII  -i-  VIII). 
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Equations  1 


O 


In  addition  to  the  direct  comparison  of  these  substances  (crystal  form, 
melting  point),  the  monochloronaphthacenequinone  obtained  by  the  oxidation  of 
tr.e  red  dlcbloronaphthacene  (V)  was  transformed  into  the  ethylanilide  deriva¬ 
tive  (Vl)  by  heating ’with  mcnoethylaniline,  and  the  compound  obtained  was  com- 
par-d  with  the  ethylanilide  derivative  obtained  from  monochloro-para-naphtha- 
cer.equinone  of  different  origins;  l)  from  ana-qpinone  (x),  2)  from  monohydro^- 
naphthacenequinone  (Xl),  3)  from  llchloro-2-naphthoyl-o-benzoi’c  acid  (XIl).  In 
ail  cases,  we  obtained  'one  and  the  same  ethylanilide  (Vl)  with  a  melting  point 
of  208-210''^  in  the  form  of  red-violet  crystals ^ 

It  was  thus  shown  that  the  monochloronaphthacenequinone,  formed  by  the  ox¬ 
idation  of  the  red  ana  dichloride  of  naphthacene,  actually  had  the  para  struc- 
tur*:*  (VIIl)„  Therefore  the  red  dichloride  (and  dibromlde)  had  to  be  assigned 
the  ana  structure  (V),  instead  of  the  earlier  suggested  para  structure  (see 
Equations  l)^  This  conclusion  was  also  confirmed  by  the  fact  that  the  absorp-^ 
tion  spectra  of  the  dichloride  and  the  dibromide  had  a  great  similarity  to  the 
absorption  spectrum  of  ana-quinone  (figure). 

/j:  essential  factor  in  our  previous  work  on  the  elucidation  of  the  struc¬ 
ture  of  the  red  dihalogen  compounds  was  the  result  obtained  on  treating  the 
dichioride  and  the  dibromide  with  alcoholic  alkali.  This,  as  we  have  observed 
above,  gave  the  para-naphthacenequinone  (IX),  and  this  also  gave  us  reason  to 
ccnsider  the  red  dichloride  a  compound  in  which  the  atoms  of  halogen  were  in 
the  para  position  (See  Equations  2) . 

The  formation  of  para-naphthacenequinone  (IX)  from  the  ana  dichloride  (v) 
was  Ci'e  more  example  of  the  peculiar  transformation  of  ana  compounds  into  para- 
■-ompounds  r  similar  to  the  trars  forma  tier,  of  the  ana-quinone  (X)  into  the  di- 
-nl'T-'-para -naphtliacenequincne  (VIl)  during  the  chlorination  with  sulfuryl 
cnloride  'if.  preceding  communication). 

Although  the_re  is  as  yet  no  explanation  for  a  transformation  of  this  sort, 
Marschnlk  aiid  Stun.ni  had  arrived  at  the  same  conclusion  [*]. 


Equations  2 


:yrT 


for  the  conversion  of  the  ana  dichloride  into  the  para-quinone  (V  IX) ,  we 
may  suggest  the  following  scheme  (Equations  5)  which  explains  the  "anomalous" 
course  of  the  reaction. 

This  transformation,  as  can  be  seen  from, Equations  3^  includes  in  its 
first  phase  the  reaction  of  the  proposed  substitution  of  hydroxj^ls  for  the 
halogens  (XIII  — >*  XIV).  The  ana-hydroquinone  formed  (XIV)  is  hydrated  by  the 
subsequent  stages  of  the  reaction  as  a  result  of  the  reactivity  of  the  free 


Equations  (3) 


meso  positions  10  and  12.  The  tetrahydrotetrahydroxynaphthacene  (XV)  thus  . 
formed  splits  off  water  to  give  the  para-hydroquinone,  which  is  easily  oxidized 
into  the  para -naphthacenequinone  (XVIl).  The  latter  is  more  stable  with  regard 
to  its  energy  that  the  ana  isomer. 

IT.  The  chlorination  of  naphthacene  with  sulfuryl  chloride 

In  continuing  our  study  of  the  halogenation  of  naphthacene  by  different 
agents,  we'  first  devoted  our  attention  to  SO2CI2,  because  of  the  following  con¬ 
siderations. 

We  had  noted  previously  [^J  that  as  a  result  of  the  reaction  of  naphthacene 
with  an  excess  of  SO2CI2  at  130“  under  pressure^  a  light  yellow  crystalline  subs- 
stance  was  obtained.  It  was  decomposed  by  gently  heating  with  concentrated  H2SO4 
and  subsequent  dilution  with  water  to  give  a  light  yellow  product  whi^h  thl*)  ;foriTi 
formula- of  ana-dichloronaphthacene  ^'as  ascribed.*  In  c'oonect ion  with  the  fact  oV.st 
this  formula  has  now  been  demonstrated  for  the  red  chlorination  prndnct  ‘(§ee .F^rt  I) 

it  was  necessar-^  to  de-^ernine  the  composition  of  these  yellow  substances  more'  ac¬ 
curately,  as  well  as  to  explain  whether  the  reaction  of  naphthacene  with  SO2CI2 
tc>:h  place  :n  the  same  manner  as  with  chlorine,  i  e  .  with- the  prelimiinary  fonfiia- 
tf-n  of  the  tetrachloride  (see-equations  2,  T -r-  II). 'cr  i»'.  seme  C  her  manfier .  In 

an  investigation  of  these  questions,  the  following 'results  were  obtained; 

a)  The  action  of  SO2CI2  on  naphthacene  without  a  solvent,  with  heating  un¬ 
der  pressure,  gives  a  pblyhalide  compound.  Upon  analysis,  this  compound  was 
shown  to  be  a  hexachlorinated  derivative  of  naphthacene  (IV).  The  chlorine  atoms 
in  this  polychloride  were  in  the  central  nuclei,  as  was  shown  by  the  fact  that 
upon  treatment  with  concentrated  sulfuric  acid  and  water  this  compound  gave 
9,10-dichloronaphthacenequinone  (VIl)  (m.po  250-252®),  The  same  polychloride 
(IV)  can  be  obtained  by  the  reaction  of  the  red  ana-dichloronaphthacene  (V)  with 
SO2OI2 • 

Under  milder  conditions  of  chlorination,  the  action  of  SO2CI2  on  a  suspen¬ 
sion  of  naphthacene  in  tetrachloroethane  heated  on  the  water  bath  gave  the  red 
ana-dichloride  (V) . 

b)  Arl  especially  interesting  result  was  obtained  by  the  action  of  SO2CI2  in 
excess  on  naphthacene  at  room  temeprature.  This  quickly  gave  a  crystalline, 
colorless  substance,  which  appeared  to  be  a  dihydro-dichloro  derivative  of 
naphthacene. 

Upon  heating  in  tetrachloroethane  this  compound  easily  was  transformed  into 


the  red  ana-dichlorlde  (v).  Hence,  the  structure  of  the  colorless  dihydrodi- 
chloride  seemed  more  probable  as  ana-dihydrodichloronaphthacene 

When  the  dihydrodlchloride  (ill)  was  boiled  in  pyridine  without  the  access 
of  air,  naphthacene  was  obtained,  i,e,,  here  there  took  place  the  dehalogenation 
of  dihydrodichloronaphthacene .  These  reactions  recall  the  case  previously  des¬ 
cribed  in  the  literature  of  the  transformation  of  dihydrodibromoanthracene 
(XVIIl)  into  the  dibronide  and  anthracene 


The  very  fact  that  the  addition  of  the  atoms  of  chlorine  to  naphthacene 
takes  place  in  the  ana  position  with  the  formation  of  the  colorless  dichloride 
(III)  deserves  attention.  This  product  is  the  result  of  the  first  stage  of  the 
action  of  chlorine  on  the  molecule  of  naphthacene,  leading^  in  the  presence  of 
an  excess  of  free  chlorine,  to  the  formation  of  the  tetrachloride  (ll)  Hence, 
we  may  assume  that  the  chlorination  of  naphthacene  begins  with  the  addition/  ■ 

'  - 
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£f_ na I C'gea  precisely  In  the  era  po^itlcns  9  il  "* 

In  consideration  cf  all  tnis..  we  attempted  to  obtain  tne  dl^hioride  of 
napr.tr.acene  with  the  para  structure  by  the  reduction  of  para  -  iichloronaphtha- 
cenequino’.e  (VIl),  Ec’-ever,  reduction  of  this  compound  with  zinc  dust  in  alka¬ 
line  medium  gave  naphthacene  (l).  Thus,  the  reduction  cf  para -dicnlororiaphtha- 
cenequinone  (Vll)  not  cnly  reduced  the  carbonyl  groups,  but  also  resulted  in 
dehalrgeiation.  It  is  of  interest  to  compare  this  lability  of  the  atoms  of  . 
chlorine  in  para-dlchlcronaphthacenequinone  with  the  extreme  stability  of  para- 
rapntnacenequinone  toward  chlorine. 

,  EXPERIMENTAL 

1 ,  The  redu ct 1  on  of  9^ lO-dichl orooaphthacenequ Inone -11,12 . 

1.5  g  of  carefully  ground  dichloronaphtthacenequinone  (m.p.  2‘^0-2^2*)  and 
?  g  of  zinc  dust  were  boiled  in  100  ml  of  2  N  caustic  soda  solution  for  1C  hours 
At  the  end  of  the  reaction,  sulfuric  acid  was  added  to  the  reaction  mixture  to 
dissolve  any  unreacted  zinc;  the  amorphous  orange -yellow  precipitate,  obtained 
was  filtered  and  washed  with  5  nil  of  alcohol,  dried,  and  recrystallized  from 
xvl  '^ne 

0^5  6  (50^  theory)  was  obtained  of  golden-orange  platelets  of  naphtha- 
cerve  with  m  p  /  5^0^  (uncorrected).-  It  gave  the  characteristic  dark  green  color 
with  lonceritrated  sulfuric  acid  and  showed  no  depression  in  a  mixed  test  with 
known  raphthacene. 

After  the  mother  liquor  had  been  concentrated,  about  O.5  6  of  unreacted 
diuhl croraphthacenequinono  was  obtained  from  it. 

2.  The  c r. lop inatlon  of  napbt’nacene  with'  PClc^  and  ICI3 

a'  To  a  suspension  of  02  g  of  naphthacene  in  2  ml  of  freshly  distilled 

:!!•’ roben‘er.<^  there  was  added  0.3  g  of  PCI5  No  reaction  was  observed  at  room 

temp '.rat Upon  heating  to  the  boiling  point,  the  naphthacene  quickly  dis- 
sr.'ved  the  solution  turned  dark  red,  and  the  evolution  of  HCl  was  observed. 

Five  Tni'..'-"' -s  after  solution  began,  the  reaction  mixture  was  cooled.  0.1  g  (^0^. 
cf  tneory'-  of  the  red  ana-dichloronaphthacene  with  m  p.  218-220''  crystallized 
out  c 

b*  Tc  a  suspension  of  0.2  g  of  naphthacene  in  2  ml  of  freshly  distilled 

nitrcbe.cz er  e  a  solution  of  0,5  g  of  ICI3  in  1  ml  of  nttrobf-nzer.e  was  added - 

Tne  reac'^icn  began  in  the  cold,  as  was  shown  by  the  slow  solution  of  the  naphth- 
a'&re  and  the  evolution  of  HCl. 


Tne  reaction  mlxt'ire  was  heated  to  boiling, 
cr.o'6-d  again.  ‘Red  crystals  of  the.  ana -dl  chi  cron 
precipitated  out  (O.i  g,  UO^  of  theory). 

JL_  reaction  _of_ naphthacene  with  ^’'>li'’Jry 

in  the  absence  of  a  sol 

a)  To  05  g-of  ground  naphthacene  there  was 
of  fresl'ly  distilled  SC^Clp  During  a  period  of 
converted  into  a  light  rose  crystalline  product, 
vf^r.  benz«^ne,  and  recrystallized  from  a  small  am 
of  tneory'  of  an  almost  colorless  product  w 
in  a  capillary  this  darkened  above  120',  and  reel 
into  a  bi-fick  mass. 


and  after  several  minutes 
aphthacene  with  m.p.  218-220* 

cold 

vent 

added  at  rcom  temperature  1  ml 
15  minuter,  the  naphthace'ne  vras 
v'nich  was  filtered  off,  washed 
~unt  cf  boiling  benzene.  0.3  g 
as  obtained.  Upon  being  heated 
ted  af  I8O',  being  converted 


Aifc  d •. ■.h_:..".naphihaccii*?  (V;  was  obtained  by  us  bv  the  use  of  tnc  mo.'.t  various  baiOL'cnatn.g  agents.  Thus 
to:  this  dichloro  derivar.  ive  ^ar.  obtained  by  the  action  of  rcl-s  and.  lC)j  •'a  narhthacene  (cf. 

aipc’  monta'  part  / 


0.1126  g  substances  O.IO69  g  AgCl. 

0.1112  g  substance,’  O.IO^S  g  AgCl. 

Found  Cl  23-53. 

C16H12CI2.  Computed  Cl  23.7^. 

When  0.5  g  of  the  product  was  boiled  In  3  ml  of  dry  pyridine,  orange  plate-, 
lets  were  obtained  which  were  shown  to  be  naphthacene  (0.2  g,  51^^  of  theory) . 

0,3  g  of  the  colorless  product  was  heated  for  20  minutes  in  boiling  tetra * 
chloroethane.  The  yellow  solution  at  once  darl  -jned,  and  upon  cooling  0.2  g  of 
orange-red  crystals  precipitated.  From  this  there  was  obtained,  after  3  recrys¬ 
tallizations  from  tetrachloroethane,  0.1  g  (30^  of  theory)  of  red  ana-dichloro- 
naphthacene  with  m.p.  218-220®. 

b)  By  heating  under  pressure.  0,3  g  of  naphthacene  and  I.5  ml  of  SOpCl^ 

were  heated  in  a  sealed  tube  for  2  hours  at  130-135*.  The  light  cream  colored 
reaction  product  was  filtered  off,  washed  with  benzene,  and  dried  in  a  vacuum 
desiccator,  0,4  g  of  product  was  obtained,  and  this  was  quickly  recrystallized 
from  tetrachloroethane.  ,  -  ' 

The  product  was  in  the  form  of  a  light  rose -colored  crystalline  substance, 
which  gave  a  colorless  solution  in  concentrated  sulfuric  acid  in  the  cold.  The 
polychloride  melted  at  265**;  under  the  microscope  it  was-  seen  to  consist  of  fin^ 
colorless  little  prisms.  Analysis  gave  a  chlorine  content  close  to  that  calcul¬ 
ated  theoretically  for  the  hexachloride  (IV). 

0,3  g  of  the  polychloride  was  heated  with  10  ml  of  concentrated  sulfuric 
acid  for  30  minutes  at  60-70®,  The  evolution  of  hydrogen  chloride  was  observed 
during  the  heating,  and  the  solution  acquired  a  red  color.  The  solution  was 
cooled  and  poured  over  ice.  Yellow  floes  were  obtained,  which  were  fllt--red 
off,  dried,  and  recrystallized  from  glacial  acetic  acid.  0.2  g  of  long  straw- 
yellow  needles  were  obtained  with  m.p.  249-251*.  These  gave  no  depression  of 
the  melting  point  when  mixed  with  known  dichloronaphthacenequinone  (VIl), 

For  complete  Identification,  the  dianilide  derivative  of  the  quinone  was 
prepared.  Ihis  was  shown  to  be  identical  with  the  dianilide  derivative  obtained 
from  known  dichloronaphthacenequinone,  and  in  a  chromatographic  determination 
over  Alp03  gave  a  clear-cut  separation  into  three  layers  —  violet,  blue,  and 
green  [5], 

c)  The  reaction  of  naphthacene  with  sulfuryl  chloride  upon  heating  with 
solvents.  To  a  suspension  of  0,2  g  of  naphthacene  in  2  ml  of  tetrachloroethane 
sulfuryl  chloride  (without  excess)  was  added  drop  by  drop  until  the  naphthacene 
had  completely  dissolved.  When  the  yellow  solution  was  heated  it  turned  red, 
and  after  it  was  cooled,  there  precipitated  out  from  It  red  crystals  cf  ana • 
dlchloronaphthacene  with  m.p.  218.220®  (O.l  g,  40^  of  theory). 

4.  Idle  reaction  between  ana-dichloror.aphthacene  and  sjolfiiryl. 

chloride 

0,2  g  of  ana-dichloronaphthacene  was  heated  with  1  ml  of  SO2CI2  in  a  sealed 
tube  at  130 -itO"  for  1  hour.  The  reaction  product  was  filtered  and  washed  with 
benzene  It  was  a  light  cream  colore-d  substance,  similar  in  character  to  th'^ 
compound  obtained  from  naphthacene  with  SO2CI2  (cf.  3,b), 

The  dried  product  was  heated  with  3  ml  of  concentrated  sulfuric  acid  to 
6n..70’  for  30  minutes.  During  this  heating  the  liquid  turned  red  and  the  evc.l-i  ■ 
tion  of  HCl  was  observed.  The  cooled  mixture  was  poured  cn  ice,  filtered, 
dried,  and  recrystallized  from  pyridine  to  give  0,12  g  (50‘/{)  of  theory)  of  long, 
straw -yr-li rv  crystals  with  m.p,  249-251^=  They  showe^d  no  depression  of  tne 
melting  point  with  known  dichloronaphthacenequinone  (VH)  , 


P ,  The  addition  of  mal cic  anhydride  to  ana-dlchloronaphthacene 

0.2  g  of  ana-dichloronaphthacene  was  heated  in  2  ml  of  boiling  xylene  with 
■0.1  g  of  maleic  anhydride.  The  dark  red  color  of  the  solution  gradually  became 
lighter  and  fine  colorless  crystals  of  the  addition  compound  precipitated  out. 

The  reaction  was  completed  in  50  minutes. 

After  filtration,  washing,  and  recrystallization  from  tetrachloroethane, 

0,1  g  of  material  was  obtained  (55^  of  theory)  with  m,p,  280-282* >  upon  sublim¬ 
ation,  a  small  amount  of  the- original  red  ana-dichloronaphthacene  was  formed. 

0,1128  g  substance)  O.O85O  g  AgCl. 

0.115^  g  substance!  0,08U6  g  AgCl. 

Found' Cl  18,22,  18.12. 

022^1203012,  Computed  01  1*7® 9^ • 

6,  9-Monoethylanilj.dcnaphthaceDequinone-ll,12  (Vl),  J 

This  anilide  was  obtained  from  monochloronaphthacenequinone  formed*' by  the 
oxidation  of  ana-dichloronaphthacene  .(V  —>  VIII  —*•  Vl)  by  the  method  described 
in  a  previous  communication.  The  substance  was  completely  identical  with  the 
monoethylanilide  whose  starting  point  was  ana-quinone  (X),  monohydroxynaphtha- 
cenequinone  (Xl),  or  l-chloro-2-naphthoyl-o-benzoic  acid  (XIl)  (see  Equations  2). 

The  ethylanilide  from?  *  '  • 

a)  Ana-dlchloronaphthacene s 

nig  substance?  0.172  ml  N2  (l8“,  750  mm)  , 

4,640  mg  substance,  C.I62  ml  N2  (17“^  7^0  mm). 

Found  N  5-71>  3.99® 

CssHisOeNc  Computed  N  3.71® 

*  l>)  'flonohySroxynaphthacenequinone? 

4,82  mg  substance;  0, ] fll . ml  N2  (21®,  732  mm), 

5.88  mg  substance”  0.206  ml  (21®,  752  mm). 

Found  N  4.10,'  3.92® 

C26H19O2N  Computed  N  5®71. 


SUMMARY 

1,  In  the  chlorination  of  naphthacene,  a  tendency  is  observed  for  the  re¬ 
action  tc  take  place  in  the  ana  positions  9  and  11; 

a)  The  red  dichloronaphthacene  has  the  ana  structure,  as  follows  from  the 
structure  of  its  oxidation  product,  monochloronaphthacenequinone  (Equations  2, 

V  —-VIII,  XI  VIII,  XII  VIII)) 

b)  The  chlorination  of  naphthacene  with  sulfuryl  chloride  gives  various 
products,  depending  on  the  conditions  of  reaction?  the  polychloride  (IV),  the 
colorless  ara-dihydrodichlorice  (ill),  and  the  red  ana-dichloronaphthacene  (V) . 

The  polychloride  (IV)  is  easily  hydrolyzed  to  give  the  para-dichloronaphth- 
acenequinone  (VIl),  while  the  colorless  ana-dihydrodichloride  (ill)  can  easily 
be  converted  into  the  ana-dichloronaphthacene  (V)  or  into  naphthacene  (l). 

2  The  peculiarities,  and  the  "anomalous"  reactions  of  naphthacene  and  its 
derivatives  are  explained  by  the  specific  struct'ore,  which  includes  a  linear 
arrangepient  of  rings,  with  the  presence  of  two  equivalent  nuclei  in  the  center, 
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AN  INVESTIGATION  OP  THE  ALKALOIDS  OF  THALICTRUM  SIMPLEX.  L. 


S.  S.  Norkina  and  N.  A.  Pakhareva 

Departaent  of  Chemistry  of  the  V.  U.  Molotov  Vologodsky  Pedagogical  Institute 


Thalictrum  simplex  L. ,  the  simple  cornflower,  belongs  to  the  crowfoot  fam¬ 
ily,  Ranunculaceae.  As  far  back  as  1955,  one  of  us,  S.S. Norkina,  took  part  in 
an  Investigation  of  a  number  of  plants  of  this  family  with  regard  to  their  con¬ 
tent  of  alkaloids.  Of  this  family,  a  Transbaikal  expedition  then  collected  5 
species:  Thalictrum  minus  simplex  L,,  Th.  Angustifolium  Jacq.,  f lavum  L. , 

Th.  petaloideum  L. ,  and  Th^  simplex  L.  All  of  these  were  shown  to  Contain  alka¬ 
loids,  but  of  them  all,  the  richest  in  alkaloids  were  Th.  minus  L.,  and  Th. 
petaloideum  L.  At  this  point,  the  investigation  of  these  plant  species  was  then 
suspended,  and  no  attention  was  paid  to  the  Isolation. of  alkaloids  from  them 

[ll. 

Even  long  before  this,  other  authors  had  investigated  a  number  of  species 
of  Thalictrum,  including  Th.  simplex  L.,  Th.  minus  L.,  and  Th.  angustifolium 
Jacq.,  but  the  presence  of  alkaloids  in  them  had  not  been  demonstrated.  As 
alkaloid  bearing  species  the  authors  noted  Th.  f lavum  L.,  from  which  berberine 
[2]  was  isolated,  and  Th.  macrocarpum,  from  which  2  alkaloids  were  obtained 
named  thalictrin  and  macrocarpin  [3],  but  these  alkaloids  were  not  investigated 
chemically. 

In  19^6  we  undertook  the  study  of  alkaloid-bearing  northern  flora.  It  was 
thought  that  northern  flora  were  poor  in  alkaloid  bearing  species,  and  therefore 
in  the  plan  for  the  examination  of  northern  flora  for  their  alkaloid  content  we 
Included  a  number  of  plants  which  were  already  known  to  contain  alkaloids  when 
they  were  grown  in  lower  latitudes.  Among  a  number  of  other  plants  we  investi¬ 
gated  Thalictrum  simplex  L.,  collected  in  the  neighborhood  of  Mount  Vologda. 

The  very  fact  that  alkaloids  were  present  in  Th,  simplex  L.,  as  well  as  in  a  num¬ 
ber  of  plants  of  other  families,  testified  to  the  fact  that  the  climate  of  the 
Vologodsky  Oblast  did  not  hinder  the  formation  of  alkaloids  in  the  plants  which 
were  grown  there. 

The  alkaloid  contents'  were  investigated  for  separate  parts  of  the  plant: 
the  roots,  stems,  leaves,  and  flowers.  We  determined  that  alkaloids  were  pres¬ 
ent  in  all  parts  of  the  plants,  but  found  most  of  them  in  the  leaves  and  roots. 
Thus,  the  leaves  of  the  cornflower  contained  0.29/^>  of  the  dry  weight  of  the 
plant  in  alkaloids.  The  total  mass  of  alkaloids  was  obtained  in  the  form  of  a 
solid,  somewhat  tarry  substance.  As  the  result  of  repeated  crystallization,  a 
colorless  crystall'ine  base  was  obtained  with  m.p.  I70®,  which  we  studied  Jn  a' 
preliminary  way  and  named  thalictrinin. 


The  results  of  elementary  analysis 


corresponded  to  the  formula  C3eH46N207: 


5»260  mg  substance.  8,5^2  mg  CO25  2.l60  mg  H2O. 

3.801  mg  substance:  939^  ng  CO2,  2,i+4l  mg  H2O. 

3*263  mg  substance:  0.202  ml  N2  (20‘‘,  7^5*5  mm), 

6  651  "ig  substance:  O.25O  ml  N2  (21®,  7^7  mm). 

Found  C  71.^6,  71.72,“  H  7*41,  7.19,*  N  ^+.37,  ^.29. 

C38H46N2O7.  Computed  C  71.035  H  7*175  N  4.36. 

Specific  rotation  In  chloroform  solution:  O.2318  g  In  I5  ml  of  chloroform; 

(1  =  10),  a  =  -1.240;  [a]j)  =  -80.9". 

Thallctrlnln  In  the  cold  was  easily  soluble  In  chloroform,  less  soluble  In 
ether,  and  soluble  upon  heating  In  alcohol  and  acetone. 

SUMMARY 

From  the  leaves  of  Thallctrum  simplex  L.,  collected  In  the  neighborhood  of 
Mount  Vologda,  a  crystalline  alkaloid  has  been  isolated  and  named  thallctrlnln. 
The  results  of  the  analysis  of  thallctrlnln  lead  to  the  formula  C3eH46N207. 
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ON  THE  ALKALOIDS  OF  AMMODENDRON  CONOr.LYI  BGE. 
IJL  THE  SrRUCTURE  OP  ISOAMMODENDRIN 


V.  M.  Meriis  and  N.  P.  Proskurnina 

Alkaloid  Section  of  the  S,  Ordzhonikidze  Scientific-Research 
CheBlco-Pharnaceutlcal  Institute.  Moscow 

In  the  second  paper  [i]  on  the  alkaloids  of  Ammodendron  Conollyl  Bge.  (fam, 
Legumlnosae)  we  reported  that  in  addition  to  the  alkaloids  previously  obtained 
from  this  plant,  pachycarpire C15H26N2  and  ammodendrirE  C12H20N2O  [2],  we  also 
Isolated  anagyrine,  Ci5H2oN20^  and  two  alkaloids  still  undescribed  in  the  liter¬ 
ature.  One  of  these>  with  the  composition  C13H20N2O,  has  been  given  the  name 
"connoline",  and  the  other  alkaloid,  with  the  composition  Ci2H2oN20^  and  there¬ 
fore  isomeric  with  acmodendrir^e  has  been  given  the  name  "  isoammodendrind*  ^ 

,  Despite  their  identical  composition,  ammodendrine  and  Isoammodendrine  are 
considerably  different  from  each  other  (Table).  Isoammodendrine  is  a  crystal¬ 
line  substance  with  a  far-from-sharp  melting  point 'of  43-^6®.  As  a  result  of 
Its  great  hygroscopicity,  it  easily  deliquesces  in  the  air,,  without  forming  a 
crystalline  hydrate  form.  Isoammodendrine  can  be  obtained  in  crystalline  form  • 
only  after  several  distillations  in  vacuum  and  long  storage  in  a  vacuum  desic¬ 
cator.  Ammodendrine,  on  the  other  hand,  easily  forms  crystalline  hydrated  form 
with  m.p.  73-7^" >  which  is  stable  in  the  air.  At  70  to  80®,  ammodendi^lne  loses 
1  molecule  of  water  of  crystallization,  giving  the  anhydrous  base  with  melting 
range  50  to  60* .  In  addition, . isoammodendrine  has  a  specific  rotation  of 
[a]jj  +  15*9‘*  in  alcohol  solution,  and  all  its  salts,  like  the  hydrochloride, 
hydroiodide,  and  perchlorate  rotate  to  the  left,  while  ammodendrine  is  an  op¬ 
tically  inactive  substance. 

A  mixture  of  both  bases,  as  well  as  a  mixture  of  their  hydroiodides,  can 
be  separated  fairly  thoroughly  as  a  result  of  the  differences  in  their  solubil¬ 
ities  in  water. 

However,  upon  closer  investigation  it  can  be  seen  that  the  chemical  proper¬ 
ties  of  the  new  alkaloid  are  very  close  to  the  properties  of  ammodendrine.  The 
latter,  as  has  already  been  shown  [2],  is  a  monoacetyl  derivative  of  a,3’-dl- 
plperldyl,  and  has  a  single  double  bond.  The  acetyl  group  is  in  the  (3-substi- 
tuted  ring.  The  structure  of  dlhydroammodendrine  is  expressed  by  the  formula  (l): 


CDCU5 
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Ammodendrine 

Isoammodendrine 

Anhydrous 

base 

Melting  point 

50-60* 

Boiling  point 

175-178*  (7-8  mm) 

175-178*  (7-8  mm) 

[ajp  in  aqueous 
solution 

0 

+  15. 9* 

Formation  of 
hydrate 

Easily  crystallizes 
with  1  mol.  of  water; 
melting  point  of 
hydrate  7^-7^* 

Forms  no  hydrate 

Hydrochloride 

Melting  point 

207* 

195-194* 

[a]])  in  aqueous 
solution 

0 

-27.4* 

Hydroiodide 

Melting  point 

218-220* 

218-219* 

[a]j)  in  aqueous 
solution 

0 

-21.1* 

9 

Perchlorate  . 

Melting  point 

199-200* 

202-205* 

[a]D  in  aqueous 
solution 

0 

-21.9* 

However,  the  structure  of  acmodendrire  is  still  not  finally  established,  as 
the  posltioh  of  the  double  bond  has  not  yet  been  determined. 

Isoammodendrin?,  like  ammodendrire ,  is  an  unsaturated  mOnoacid  base.  It  im¬ 
mediately  decolorizes  permanganate  in  sulfuric  acid  solution,  and  splits  off  an 
acetyl  group  on  heating  with  alkali.  On  this  basis,  the  formula  of  isoammodendrine 
may  be  broken  down  as  follows;  CioHi7N(NC0CH3) .  In  addition,  it  has  been  shov/n 
that  the  corresponding  salts  of  isoammodendrine  and  ammodendrine  have  very  close 
melting  points,  and  mixed  tests  with  them  give  no  depression  of  the  melting  point.* 
All  these  facts  permit  us  to  assume  that  isoammodendrine  is  an  optical  isomer  of 
ammodendrine. 

In  order  to  confirm  this  assumption,  it  was  primarily  necessary  to  carry 
out  the  racemization  of  isoammodendrine  in  order  to  compare  its  racemic  form  (di¬ 
rectly  with  ammodendrine.  However,  we  considered  this  method  impossible,  as  the’ 
heating  with  alkalies  or  acids  ordinarily  carried  out  for  the  purpose' of  racemiza¬ 
tion  would  inevitably  lead  to  the  cleavage  of  the  acetyl  group.  In  order  to  de¬ 
cide  this  question,  we  might  also  have  tried  the  method  of  separating  ammodendrine 
into  its  optical  antipodes,  which  would  be  possible,  one  would  think,  only  in  case 
it  was  actually  a  racemate.  A  direct  comparison  of  isoammodendrine  with  the 
corresponding  optical  antipode  of  ammcaendrirt;  w'ould  at  once  determine  w'hether  or 
not  these  tw^o  alkaloids  actually  were  optical  isomers.  But  the  separation  of 

I)henononon  has  been  described  for  the  salts  of  d  1  and  d  spartein  (pachicarpinc).  Mixed  tests  of 
their  hi droiodides  and  perch lorides  did  not  giv--  a  depression  of  the  melting  point.  It  is  of  interest  to 

no-e  .a  t.  e  pierctes  of  d,  1  and  d-spartein  do  not  have  these  properties,  and  mixed  tests  with  them  do 
give  a  lowering  of  the  melting  point. 


ammodendrinc  turned  out  to  be  a  very  difficult  problem  as  a  result  of  the  fact 
that  it  did  not  give  crystalline  salts  with  optically  active  acids:  with  d- 
tartarlc  acid,  with  camphorsulfonic  acid,  and  with  Br-camphorsulfonic  acid.  We 
made  attempts  to  obtain  derivatives  of  ammodendrine  and  isoammodendrine  with 
higher  molecular  weights  (for  example,  the  benzyl  derivative)  as  we  might  have 
expected  that  their  salts  with  optically  active  acids  would  have  a  greater  tend¬ 
ency  to  crystallize.  But,  contrary  to  expectations,  their  salts  also  did  not  crys¬ 
tallize.  None  the  less,  we  attempted  to  separate  ammodendrine  by  means  of  d- 
tartarlc  acid  in  the  hope  that  the  tartrates  of  the  optically  active  isomers  even 
in  non-crystalline  form  might  possibly  have  different  solubilities  in  some  solv¬ 
ents.  Our  attempts  did  not  attain  the  desired  objective;  this  was  due  to  the  dif¬ 
ficulty  of  separating  the  non-crystalline  salts. 

On  the  other  hand,  so  long  as  the  position  of  the  double  bond  in  ammoden¬ 
drine  remained  indefinite,  it  was  possible  to  express  another  hypothesis,  that 
ammodendrine  was  not  a  racemic  compound.  In  this  case,  the  inactivity  Of  ammoden¬ 
drine  would  result  from  the  fact  that  the  double  bond  was  between  the  two  carbon 
atoms  which  were  asymmetrical  in  dlhydroammodendrine  (l)  (marked  by  asterisks). 

Then  the  differences  in  structure  between  ammodendrine  and  isoammodendrine  would 
result  from  the  different  positions  of  the  double  bond,  and  therefore  these  alka¬ 
loids  would  be  structural  isomers.  , 

In  addition,  isoammodendrine  might  be  distinguished  from  ammodendrine  by  the 
position  of  the  acetyl  group,  which  in  ammodendrine  was  in  the  B-substituted  ring. 

All  these  questions  could  be  decided  only  by  the  direct  determination  of 
the  structure  of  isoammodendrine,  • 

•When  Isoammodendrine  was  hydrogenated  catalytically  with  Pt  catalyst  pre¬ 
pared  according  to  Adams,  it  absorbed  1  mol.  of  hydrogen,  and  formed  a  liquid 
dextro-rotatory  dihydro isoammodendrine,  which  did  not  give  crystalline  salts. 

When  dihydro isoammodendrine  was  saponified  by  heating  with  alkali,  the  hygroscopic 
bas^  C10H20N2  was  obtained,  with  a  specific  rotation  of  [ajp  +  Th^  base 

gave  a  dihydrochloride  in  the  form  of  fine  shining  needles,  which  did, not  melt 
even  above  300*;  and  had  a  specific  rotation  of  [a]j)  +  6,0*.  When  the  base  C10H20N2 
was  benzoylated  by  the  Schotten-Baumann  method,  a  benzoyl  derivative  was  obtained 
with  m.p.  I5O-I5I*  and  specific  rotation  [ajp  +  iSl.^**  In  all  its  properties 
this  base  was  very  similar  to  the  1-a, 3 ' -dlpiperldyl  C10H20N2  described  by  Orekhov 
and  his  coworkers  [3],  and  obtained  by  them  by  the  hydrogenation  of  anabasine. 
Fundamentally,'  they  were  distinguished  only  by  the  sign  of  their  rotations.  The 
dihydrochloride  and  the  dibenzoyl  derivative  also  differed  only  in  the  sign  of 
rotation  frotn  the  dihydrochloride  and  the  dibenzoyl  derivative  of  1-a, 3' -dipiper- 
Idyl.  Starting  from  this,  we  could  assume  that  the  base  obtained  by  us  was  d-a,3‘- 
dippperldyl . 

This  same  base,  C10H20N2  vas  obtained  by  us  by  the  reduction  of  isoammoden¬ 
drine  with  metallic  sodium  in  amyl  alcohol,  as  the  saponification  of  the  acetyl 
group  took  place  at  the  same  time.  The  base  gave  a  dihydrochloride  and  a  dl- 
benzoyl  derivative  completely  identical  with  those  described  above. 

In  order  to  determine  the  nature  of  the  ring  system  of  the  base  C10H20N2; 
it  was  subjected  to  dehydrogenation  by  heating  with  silver  acetate  by  the  method 
of  Tafex  [4].  The  liquid  base  obtained  by  dehydrogenation  was  identified  with 
synthetic  a,3'-dlpyridyl  by  direct  comparison  of  their  salts.  The  picrate,  di- 
picrate,  and  monomethiodide  were  obtained,  and  mixed  tests  with  the  corresponding 
salts  of  a, 3’ -dipyridyl  gave  no  lowering  of  the  melting  point.  Hence,  it  followed 
that  ammodendrine  and  isoammodendrine  were  based  on  the  'same  skeleton,  a,3'“dipvr- 
Idyl  (ll),  and  the  base  C10H20N2  obtained  by  us  was  actually  d-a, 3 ' -dlpi|A^ridyl 
.(m);  knovTi  hitherto  only  in  the  form  of  its  laevo  form  and  its  racemate. 

In  that  case,  the  structure  of  dihydroisoammodendrine  must  correspond  to 


N 


(II) 

EXPERIMENTAL 

The  catalytic  hydrogenation  of  isoammodendrine =  10  g  of  isoammodendrine  was 

neutrallzed’nth  dilute  KCl,  ihe  solution  obtained  was  hydrogenated  with  contin- 
V^LiCUSVshaking  in  an  atmosphere  of  hydrogen  in  the  presence  of  a  catalyst  prepared 
according  to  Adams  from  1  g  of  HsPtCle  The  hydrogenation  was  carried  out  for  7 
hours,  during,  which  1075  ml  of  hydrogen  was  absorbed  (calculated  990  ml).  The 
aqueous  solution  was  filtered  from  the  catalyst,  saturated  with  potash,  and  ex¬ 
tracted  with  ether.  After  the  et^er  hnd  been  distilled  off,  the  dihydro isoammo¬ 
dendrine  remained  in  the  form  of  a  yellowish  oil,  which  distilled  at  175-185*  (8-9 
mm);  [a]j)  +k*  ,  Yield  9c5  6->  Th^  salts  of  dihydroisoammodendrine  also  did  not 
crystallize . 

Th e  saponification  of  dihydrolsoammodendrinewl th  an  alcoholic  solution  of 
caustic  potash  9-5  g  of  dihydroisoammodendrine  was  heated  with  a  solution  ofi3g 
KGc  in  55  ml  of  "methyl  alcohol  for  6  hours  The  solution  was  then  evaporated  in 
vacuum  until  the  methyl  alcohol  had  been  completely  removed =  The  residue  was  di¬ 
luted  with  a  small  amount  of  water  and  extracted  with  chloroform,  after  the  re¬ 
moval  of  which  in  vacuum  there  remained  6  g  of  a  partially  crystallized  base.  After 
a  distillation  in  vacuum,  the  base  crystallized;  it  melted,  not  sharply,  at  66- 
68*.  The  base  was  hygroscopic ;  After  recrystallization  from  moist  petroleum  ether, 
it  was  obtained  upon  standing  only  in  the  form  of  a  hydrate;  beautiful  white  nodules 
composed  of  needles,  92-95* ^  which  corresponded,  according  to  the  analysis,  to  the 
hy.arate  of  diplperidyl,  CioHpcNs "HaO. 

0.652  g  substance'  12  ml  of  alcohol;  1  =  1;  +  0.27*; 

[a7D+5.1*. 

2.560  mg  substance;  0.519  ml  N2  (20*,  75^  mm) 

2.575  mg  substance;  0-522  ml  N2  (20*,  75^  mm) 

Found  N  15^21,  I5.25. 

CioH2oN2‘'H20,  Computed  %■.  N  15*05  = 

For  the  preparation  of  the  dihydrochloride,  an  alcoholic  solution  of  HCl 
was  added  to  a  solution  of  the  base  in  absolute  alcohol.  A  white  crystalline 
precipitate  was  immediately  formed  The  dihydrochloride  was  crystallized  from 
hot  90'^  alcohol  in  the  form  of  fine  shining  needles  which  did  not  melt  even  when 
heated  to  500*.  They  were  very  soluble  in  water  and  very  slightly  soluble  in 
alcohol. 

0.6794  g  substance''  12  ml  H2C,  1  =  1;  aj^  +0,54*;  +8.0*. 

4.850  mg  substance"  5^725  mg  AgCl. 

4  950  mg  substance-  5-882  mg  AgCl 

Found  C-1  29o52,  29.52. 

C3cH2oN2:2HC1.  Computed  Cl  29,47. 
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The  benzoylatlon  of  the  ssconlf Icatlon  product  cf  dlhydrolsoarjnodendrine . 

To  the  aqueous  solution  of  0,^  g  of  the  hydrochloride  of  the  saponification  product 
of  dlhydroisoacaiodendrine  in  the  presence  of  a  10^  solution  of  caustic  soda  there 
was  added  drop  by  drop,  with  vigorous  shaking,  benzoyl  chloride,  used  in  excess. 

The  viscous  oil  which  formed  was  extracted  with  ether,  and  the  latter  evaporrted 
to  give  g  of  a  crystalline  substance  which  after  recrystallization  from  pet-, 

roleum  ether  melted  at  150-151*,  and  corresponded,  in  its  analysis,  to  dibenzoyl- 
dlpiperldyl. ^ 

0.2158  g  substance:  12  ml  of  alcohol;  1  +  3*27*; 

[a]D  +181. 8*. 

5.050  mg  substance:  0,353  nil  N2  (20*,  73^  mm). 

4.930  niS  substance:  0.324  ml  N2  (20*,  73^'nim). 

^  Found  N  7*42,  7«40. 

C24H28N202*  Computed  N  7*45- 

The  action  of  metallic  sodium  on  isoammodendrine  in  amyl  alcohol  .  (the  re¬ 
duction  of  isoammodendrine  with  simultaneous  saponification  of  the  acetyl  group), 

6  g  of  isoammodendrine  was  dissolved  in  190  ml  of  amyl  alcohol,  and  the  solution 
heated  to  boiling.  To  it  there  was  gradually  added  10  g  of  metallic  sodium, 
while  the  heating  was  continued.  The  solution,  which  grew  light  toward  the  end,  , 
was  cooled,  and  acidified  with  10^  HCl,  The  acid  aqueous  solution,-  after  its  re- 
moval  from  the  amyl  alcohol,  was  saturated  with  potash  and  extracted  with  ether. 

The  ether  extract  was  dried  over  calcined  potash.  After  the  ether  had  been  re¬ 
moved,  4  g  of  a  partially  crystallized  substance  was  obtained.  Upon  distillation/... 
in  vacuum,  the  base  crystallized;  it  melted,  not  sharply,  at  66-68*.  The  base  was  ' 

'  hy^oscopic.  The  dihydrochloride  obtained  from  it  did  not  melt  even  when  heated 
to  3CO*;  (o-Id  +6*  in  aqueous  solution.  The  dibenzoyl  derivative  had  m.p.  I5O-I5I*; 
[a]p  +181*  in  alcoholic  solution. 

The  dehydrogenation  of  the  saponification  product  of  dihydroisoammodendrine . 

3  g  of  the  saponified  base  were  dissolved  in  a  mixture  of  l8.7  ml  of  water  and 
2.5  ml  of  glacial  acetic  acid.  The  solution  was  heated  together  with  36*5  g 
silver  acetate  in  a  sealed  tube  at  175-^85*  for  8.5  hours,  and  the  spongy  preciplfate 
was  suctlcn-fiT€ered  off,-  washed  with  watel*  ."-The  ••'acid ’filtrate  TogethVr  with  the  wash 
water  was  neutralized  wi-^:h  ammcnin e’-'hoofated  to  a.  small 'voluirie,^  made -alkaline  with 
potash,  and  extracted  wich  ether.  After  this  had  been  driven  off,  1.32  g  of  a  dark 
brown  oil  was  obtained.  To  the  base  there  was  added  0.1  N  HCl  until  there  was 
weakly  acid  reaction  to  litmus,  and  the  solution  was  again  extracted  with  ether,’. 'T' 
After  the  ether  had  been  driven  off,  1  g  of  a  yellow  liquid  material  was  obtained, 
neutral  to  litmus. 

The  monopicrate.  Upon  mixing  an  alcoholic  solution  of  picric  acid  and  an 
alcoholic  solution  of  the  base  (using  calculated  amounts  of  1  mole  each)  a  plcrate 
was  immediately  obtained.  It  crystallized  from  alcohol  in  the  form  of  fine  inter¬ 
laced  needles  with  m.p,  I5I-I52* ,  A  mixed  test  with  the  monopicrate  obtained  from 
synthetic  a,3' -dipyrldyl  gave  a  melting  point  of  I5I-I52*,  with  no  lowering. 

The  dipicrate.  When  an  alcoholic  solution  of  the  base  was  mixed  with  an  ex'- 
cess  of  an  alcoholic  solution  of  picric  acid,  the  dipicrate  came  out  in  "the  form 
of  short  prisms  with  m.p,  I66* , 

A  mixed  test  with  the  dipicrate  of  synthetic  a,0’ -dipyridyl  gave  no  lowering. 
The  dipicrate  was  also  obtained  by  boiling  the  monopicrate  with  an  alcoholic  solu¬ 
tion  of  picric  acid. 

The  monomethiodide ,  An  alcoholic  solution  of  the  base  was  heated  with  an 
excess  of  methyl  iodide  for  1  hour  with  a  reflux  condenser.  The  solution  was 
then  concentrated  to  a  small  volume.  After  some  time,  the  methiodlde  separated 
.in  the  form  of  fine  needles  with  m  p,  I64-I65*.  A  mixed  test  with  the  methiodlde 
of  synthetic  a, 3 ' -dipyridyl  gave  no  lowering. 


1 


Jhe  preparation  hpnzvl-l 6caTuT.od8ndrine .  To  a  solution  of  1  g  of  the 
base  in  10  ml  of  absolutely  dry  benzene,  0.7  g  of  benzyl  chloride  was  added. 

The  mixture  was  heated  for  1  hour,  gradually  taking  on  a  red  color.  Upon  cool¬ 
ing,  a  precipitate  formed  (0,75  g) ,  This  was  washed  with  benzene  and  dried.  It 
then  melted  at  192-193**  A  mixed  test  with  the  hydrochloride  of . iscammodendrlne 
gave  no  lowering.  The  residue  was  acidified  with  10^  HCl,  washed  with  ether, 
and  evaporated  on  the  water  bath.  0.3  g  of  the  hydrochloride  of  benzyl -isoammo- 
dendrine  was  obtained,  this  had  the  m.p.  178-179*  after  recrystalliz^tlon  from 
a  mixture  of  alcohol  and  ethyl  acetate,  A  mixed  test  with  the  hydrochloride  of 
isoammodendrine  melted  at  166*. 

4.820  mg  substance;  2.049  mg  AgCl. 

4.250  mg  substance;  1.790  mg  AgCl. 

4.623  nig  substance:  0.353  ml  Ng  (21*,  758*5  mm) 

Found  N  8.20;  01  10. 5,  10.4. 

CisHseNgO* ECl.  Computed  N  8.37}  01  10. 6I. 

'  In  order  to  obtain  the  base,  the  aqueous  solution  of  the  hydrochloride 
was  made  alkaline  with  ammonia,  a  thick  white  tar  precipitating  out.  This  was 
very  soluble  in  ether.  After  the  ether  had  been  driven  off,  0,l8  g  of  a  vis¬ 
cous,  colorless  oil  was  obtained,  which  did  not  crystallize  upon  standing.  The. 
base  was  very  soluble  in  petroleum  ether.  It  did  not  give  crystalline  salts 
with  optically  active  acids. 

SUMMARY 

1.  Upon  catalytic  hydrogenation,  isoammodendrine  absorbed  1  mole  of  hydro¬ 
gen,  giving  dihydroisoammodendrlne . 

2.  Upon  saponification,  dihydroisoammodendrine  gave  a  base,  C10H20N2, 
which  differed  only  in  the* sign  of  rotation  from  the  1-a, 3-dipiper idyl  obtained 
by  the  hydrogenation  of  anabasine. 

'  3.  Dehydrogenation  of  the  base  CioEpof’?  gave  a,  3' -dlpyrldyl. 

4.  The  results  obtained  showed  that  ammodendrine  and  isoammodendrine  have 
one  and  the  same  dipyridyl  skeleton. 
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THE  KINETICS  OP  THE  DECOMPOSITION 


OP  SEVERAL  DERIVATIVES  OP  ACETYLENEDICARBOXYLIC  ACID 


M.  S.  Dudkln 

Odessa  state  Pedagogical  institute 


Among  the  various  methods  for  the  preparation  of  propiolic  acid,  certain 
syntheses  are  known  which  are  based  on  the  decomposition  of  acetylenedicarboxy- 
lic  acid  or  of  its  potassium  acid  salt  by  heating  in  aqueous  solution.  By  this 
method,  Bandrowskl  in  l880  first  obtained  propiolic  acid  [1,2],  explaining  the 
reaction  by  the  equations: 


C-COOH 

OeCOOK 

III 

O-COOH 


^  HC=G-COOH  +  CO2. 

^  HCfeC-COOK  +  CO2. 


The  results  of  Bandrowski's  experiments  were  confirmed  in  later  works  by 
one  author  [3,4,5],  and  disputed  by  others  None  of  these  ascribed  suf¬ 

ficient  significance  to  the  further  decomposition  of  propiolic  acid  or  of  its 
salts,  and  none  of  them  investigated  the  kinetics  of  the  decomposition  of  acetyl 
enedicarboxyliCiacld  and  its  derivatives.  The  purpose  of  this  paper  is  to  fill 
this  indicated  gap, 

A.S  a  result  of  the  Investigations  carried  out,  there  were  found  among  the 
products  of  the  decomposition  of  the  potassium  acid  salt  of  acetylenedicarboxy- 
lic  acid  the  potassium  salt  of  propiolic  acid,  acetylene,  carbon  dioxide,  and 
potassium  bicarbonate  and  carbonate.  The  process  of  decomposition  may  be  shown 
in  the  following  manner; 

l^-COOK  - HC^O-COOK  +  CO2. 

*  C-COOH 

HOC-COOK  +  H2O  — KHCO3  +  C2H2 . 

'  2KHCO3  K2CO3  +  CO2  +  H2O. 

O-COOK 

+  K2CO3  —  2  +  H2O  +  CO2, 

C-COOK 

+  KHCO3  -H-  +  HsO  +  CO2.  (4) 

Similarly,  the  decomposition  of  the  ethyl  acid  ester  of  acetylenedicar- 
boxylic  acid  gave  the  ethyl  ester  of  propiolic  acid.  And  the  decomposition  of 


|(J-COOK 

C-COOH 

■COOK 


V 


C-COOH 


(1)  • 

"(3) 


acet.ylenedi carboxylic  acid  propionic  acid: 

C-COOC2H5 

III 

C-COOH 

C-COOH 

III 

C-COOH 


HCEC-COOC2E5  +  CO2, 


HCSC-COOH  +  CO2. 


A  review  of  the  kinetics  of  the  decomposition  shc^reithat  at  60*,  the  de¬ 
composition  of  the  potassium  acid  salt  of  acetylenedicarboxylic  acid  was  based 
on  an  equation  of  the  first  order  (K  =  O.OOI62)  and  took  place  only  according 
to  Equation  (l).  At  80*  and  98-5*  >  the  reaction  assumed,  as  a  result  of  steps 
(2),  (5),  and  (4),  a  more  complicated,  consecutive  character.  In  Fig.  3  it  is 
clear  that  at  temperatures  of  80*  and  98.5*  the  reaction  velocity  is  very  great 
at  the  first  moment,  and  that  the  curve  rises  sharply  upward.  As  the  potassium 
salt  of  propiolic  acid  accumulates  and  the  participation  of  steps  (2),  (3),  and 
results  in  the  formation  of  the  neutral  salt  of  acetylenedicarboxylic  acid, 
which  is  stable  to  heat,  the  velocity  of  the  reaction  slows  down. 


Fig.  1.  The  decomposition  of 
acetylenedicarboxylic  acid 
(aqueous  0.02720  N  solution). 


Fig.  2.  The  decomposition 
of  the  ethyl  acid  ester  of 
acetylenedicarboxylic  acid 
at  100.5*. 


I-Teoiporaturc  100°  ll-temperature  131.5°. 


I- A(jueous  0.  09028  N  solution; 

II-  toluene  0.07721  N  solution. 


The  decomposition  of  the  ethyl  acid  ester  of  acetylenedicarboxylic  acid 
In  aqueous  and  in  toluene  solutions  at  a  temperature  of  100*  is  based  on  an 
equation  of  the  first  order.  For  the  aqueous  solution  K  =  O.OO629,  for  the 
toluene  solution  K  =  0.  OOIO8O  .( Fig.  1*2)  .*■' Therefore,  the  solvent  influences  the 
velocity  of  decomposition. 

On  comparing  the  curves  which  characterize  the  decomposition  of  acetyl¬ 
enedicarboxylic  acid,  (Fig.  1),  its  ethyl  acid  ester,  and  its  potassium  acid 
salt,  and  the  values  of  the  velocity  constant,  we  see  that  in  aqueous  solutions 
it  is  the  acetylenedicarboxylic  acid  which  is  the  most  stable  to  heat,  and  the 
potassium  acid  salt  which  is  the  -least  stable.  Ihe  stability  of  the  ethyl  acid 
ester  is  in  an  intermediate  position  (Figs.  1,  2,  3).  Thus,  the  substitution 
in  order  of  the  hydrogen  of  one  cei boxyl  group  of  acetylenedicarboxylic  acid  by 
the  more  electropositive  ethyl  radical  and  by  the  still  more  electropositive 
potassium  leads  to  a  decrease  in  the  stability  of  the  bond  between  the  carbon 
of  this  carboxyl  group  and  the  neighboring  carbon  with  the  triple  bond,  and  thi 
determines  the  decreased  stability  of  the  molecule  as  a  whole. 


EXPERIMENTAL 


Procedure,  and  starting;  materials.  The  aqueous  solutions  of  acetylene- 
dlcarboxylic  acid,  its  potassium  acid  salt,  and  also  the  aqueous  and  toluene 
solutions  of  the  ethyl  acid  ester  (0,1  N)  were  heated  in  volumes  of  10  to  I5  mi 
In  round-bottomed  flasks  with  reflux  condensei _  in  a  thermostat  at  the  various 
temperatures  for  the  necessary  time.  Then  the  total  acidity  was  determined  by 
means  of  0.1  N  caustic  potash  in  the  presence  of  phenolphthalein  as  indicator. 
At  the  same  time,  the  total  acidity  of  the  solution  which  was  not  subjected  to 
heating  was  determined.  In  addition,  for  pur-noses  of  comparison,  the  decomposl 
tlon  of  the  acetylenedicarboxylic  acid  was  carried  out  in  ampoules:  10  ml  of 
the  aqueous  solution;  was  sealed  in  an  ampoule  and  heated  in  the  thermostat.  In 
both  cases,  similar  results  were  obtained. 


Fig.  3*  The  decomposition  of  the 
potassium  acid  salt  of  acetylene¬ 
dicarboxylic  acid  (aqueous  solu¬ 
tions) 

1-60°;  0.05784  N  solution  II  80°,  0.05784  N 
solution,  111-98.5°,  0. 12286  N  solution  . 
IV-OS.S",  0.063  33  N  solution. 


Fig.  U.  The  decomposition  of  the 
potassium  salt  of  propiolic  acid 
at  99«»5*  (aqueous  0.1  N  solution). 


As  the  values  for  the  decrease  in  acidity  during  the  heating  of  acetylene 
dlcarboxylic  acid  were  not  great  (Fig,  l) ,  no  determination  was  made  of  the 
amount  of  the  final  products  of  its  decomposition.  For  the  other  substances, 
the  amounts  of  the  final  products  of  decomposition  were  determined.  The  orig¬ 
inal  substances  were  prepared  in  the  following  manner. 

Acetylenedicarboxylic  acid.  Maleic  anhydride,  recrystallized  from  a  mix¬ 
ture  of  equal  volumes  of  CHCI3  and  CCl4^  was  treated  with  an  equimolecular  am¬ 
ount  of  dry  bromine  [s].  The  mixture  was  allowed  to  stand  for  20  minutes,  then 
plowly  heated  to  58* ♦  The  anhydride  of  mesodibromosuccinlc  acid  which  was 
formed  was  cooled  to  -10*  and  dissolved  in  ethyl  alcohol.  There  was  added  to 
the  solution,  with  cooling,  portions  of  4  N  alcoholic  caustic  potash.  After 
an  hour  of  heating  on  the  water  bath,  and  acidification  with  sulfuric  acid,  a' 
precipitate  formed.  This  was  extracted  with  ether  to  remove  the  acetylenedi¬ 
carboxylic  acid,  which  was  recrystallized  twice  and  analyzed.  Yield  Melt 

Ing  point  of  the  acid  176*. 

0.1236  g  substance:  0,1927  g  CO2;  0,0211  g  H2O. 

0,1812  g  substance:  0.2837  g  CO2;  0,0323  g  H2O. 

Found  C  42,50,  42.76;  H  I.9I,  1.99^ 

C4H2O4,  Computed  C  42,10;  H  I.75. 


Potassium  acid  acetylenedlcarbox>'late.  The  aqueous  solution  of  acetyl- 
enedicarboxylic  acid  vas  treated  with  a  solution  of  caustic  potash  in  the  amount 
needed  for  the  formation  of  the  acid  salt,  which,  as  a  result  of  its  low  solu¬ 
bility,  precipitated  out.  After  recrystallization  from  aqueous  solution,  the 
salt  was  dried  and  analyzed. 

0.13^5  g  substance:  O.I568  g  CO2;  O.OIO6  g  HaO. 

•  0.1921  g  substance:  0.2226  g  CO2;  O.OI7I  g  H2O. 

"“0.2939  g  substance:  O.I698  g  K2SO4. 

0.2902  g  substance;  0.165^  g  K2SO4. 

Found  C  31.78,  31.6O5  H  0.88,  0.99; 

K  23.89j  25.81. 

C4li'04K.  Computed  C  31:557  H  0.0;  K  25.70.' 

The  ethyl  acid  ester  of  acetyleneaicarboxyiic  acid.  9  g  oT  acetylenedi- 
carboxylic  acid  was  dissolved  in  200  ml  of  anhydrous  ethyl  alcohol.  The  solu¬ 
tion  was  heated  on  the  water  bath  with  a  reflux  condenser  for  5  hours  until  the 

total  acidity  fell  to  a  value  somewhat  greater  than  50^*  The  excess  of  alcohol 

was  driven  off.  The  residue  was  neutralized  with  an  alcoholic  solution  of 
caustic  potash.  The  ester  salt  had  a  low  solubility  in  alcohol,  and  precipita¬ 
ted  out. 

0.2008  g  substance:  0.29^6  g  CO2;  0.0^51  g  H2O. 

0.1704  g  substance;  0,2514  g  CO2;  0,0403  g  H2O. 

0.2031  g  substance:  0.0935  g  K2SO4. 

0.1828  g  substance:  O.O861  g  K2SO4. 

•  .  Found  C  40.01,  40.28;  H  2.5I,  2.68. 

K  20.67,  20.60. 

C6H5O4K.  Computed  C  39.96;  H  2.79;  K  21. 70. 

Found;  saponification  number  309* 

C6H5O4K.  Computed;  saponification  number  311 • 

The  ester  salt  of  acetylenedicarbrx;,'] ic  acid  was  dissolved  in  water,  treat¬ 
ed  with  sulfuric  acid,  extracted  with  ether,  and  distilled.  The  acid  ethyl  es¬ 
ter  was  obtained.  B.p.  86*,  with  decomposition  (751  nini),  d23^  0.0460. 

'  Results  of  the  experiments.  Satisfactory  reproducibility  of  results 

was  obtained  in  parallel  experiments,  as  shown  in  Figs.  1,  2,  and  3*  The  final 
product  of  decomposition  of  the  acid  ethyl  ester  of  acetylenedicarboxylic  acid 
was  the  ethyl  ester  of  propiolic  acid,  a  liquid  with  a  sharp.  Irritating  odor, 
b.p.  118*  at  a  pressure  of  754  mm;  dfl  O.956I. 


0.2145  g  substance:  0.4320  g  CO2;  O.I327  g  H2O. 
0.1567  g  substance;  0.3528  g  CO2;  O.O956  g  H2O. 

Found  C  61.26,  6l.40;  H  6.29,  6.82. 

C5H4O2.  Computed  C  61.2;  H  6.I6. 

Found;  saponification  number  565* 

C5H402*  Computed:  saponification  number  571' 


In  order  to  determine  the  nature  of  the  decomposition  of  the  potassium 
acid  salt  of  acetylenedicarboxylic  acid  at  each  temperature  of  heating,  the 
content  of  potassium  propiolate  was  determined  by  a  method  previously  developed, 
[9].  To  a  solution  of  the  salt  in  a  measuring  flask  there  were  added  3  to  4 
ml  of  25^  IVH4OH  and  10  to  20  ml  of  AgNOa  (0c2  to  O.5  N).  After  shaking,  the 
mixture  was  made  up  to  the  mark  with  distilled  water.  There  was  a  white  precip¬ 
itate  of  the  acetylide,  containing  3  atoms  of  silver.  This  vas  filtered.  The 
excess  of  silver  was  determined  in  an  aliquot  part  of  the  filtrate  by  Volhard's 
method.  The  presence  of  the  potassium  acid  salt  and  of  the  neutral  acid,  salt 
of  a'^exylenedicarboxylic  acid  did  not  influence  the  accuracy  of  the  determina¬ 
tion.  The  amount  of  potassium  propiolate  was  calculated  on  the  basis  that  one 
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molecule  of  salt  gave  a  molecule  of  the  acetylide  of  proplolic  acid  containing 
3  atoms  of  silver.  The  average  error  in  such  determinations  was  +  [9], 

Results  of  the  determinations  are  listed  in  the  table  in  Column  7* 

In  the  column  there  are  listed  the  calculated  amounts  of  the  potassium 
salt  of  proplolic  acid  which  should  have  been  obtained  by  the  decomposition 
of  the  potassium  acid  salt  of  acetylenedicarboxyllc  acid  according  to  Equation 
(l).  These  values  were  calculated  on  the  basis  of  the  experimental  data  (Fig. 
3)  in  accordance  with  which  the  potassium  acid  salt  was  iS.Sl'jt  decomposed  ac 
60*  (Curve  l),  80,95^  at  80*,  Curve  II),  and  9^»21^  at  98«5*  (Curve  III). 

The  determination  of  the  content  of  the  potassium  salt  of  proplolic  acid 
among  the  decomposition  products  of  the  potassium  acid  salt  of  acetylene- 


dicarboxylic  acid 


Expt. 

No. 

Dura¬ 

tion 

Temp. 

of 

Amount  of 
used  for 

acid  C4HO4K 
expt. 

Amount  of  ( 
formed 

Difference  be¬ 
tween  values  of 

of 

heat- 

expt. 

ml 

g 

Calculated 

(g) 

Found 

(g) 

Cal^KI  calcula¬ 
ted  and  found 

Ing, 

min. 

g  ^ 

1 

120 

6b 

50 

0.4396 

0.0587 

0.0580 

0.0007  1.19 

2 

120 

60 

50 

0.4396 

0.0587 

O.Q570 

0.0017  1.70 

3 

120 

80 

50 

0.4396 

0.2502 

0.2478 

0.0024  0.96 

4 

120 

80 

50 

0.4396 

0.2502 

0.2439 

0.0063  2.51 

5 

120 

98.5 

30 

0.2883 

0.1926 

-0.1786 

0.0140  7.56 

6 

120 

98.5 

30 

0.2883 

0.1926 

0.1773 

0.0153  7.94 

Although  in  experiments  1^  2j  3>  and  4,  the  differences  (columns  8  and  9) 
between  the  amounts  of  potassium  propiolate  found  from  the  drop  in  acidity  of 
the  potassium  acid  salt  of  acetylenedicarboxylic  acid  and  from  the  silver  nit¬ 
rate  are  not  great,  in  experiments  5-  and  6  they  increase  and  equal  7*26 .and 
7.9^^*  This  discrepancy  is  related  to  the  further  decomposition  of  the  potas¬ 
sium  salt  of  proplolic  acid  and  to  the  Increase  in  the  velocity  of  this  decom¬ 
position  when  the  temperature  is  raised.  This  was  shown: 

1)  By  the  decomposition  of  pure  potassium  propiolate  under  similar  con¬ 
ditions  (Fig.  4). 

.  .  2)  By  the  decomposition  of  the  potassium  salt  of  acetylenedicarboxylic 

acid  when  the  acetylene  is  absorbed  in  Ilosvay's  reagent  and  the  carbon  diox¬ 
ide  in  a  solution  of  caustic  potash,  in  parallel  experiments. 

The  evolution  of  gas  from  the  solutions  begins  at  different  times  after 
the  beginning  of  heating,  namely;  ' 

Temperature  of  heating  .........  98*  80*  60* 

Carbon  dioxide  begins  to  be 

evolved  after  . .  5  min.  10  min.  45  min. 

Acetylene*  begins  to  be  evolved  •  not  yet  evolved 

after  . . .  30  min.  100  min.  after  l80  min. 

The  differences  in  time  of  the  beginning  of  the  evolution  of  carbon  diox¬ 
ide  and  of  acetylene  will  be  comprehensible  if  we  accept  the  fact  that  the  pro¬ 
cess  of  decomposition  of  the  potassium  acid  salt  of  acetylenedicarboxylic  acid 
depends  on  consecutive  steps.  At  the  first  moment,  only  the  potassium  , salt  of 
proplolic  acid  is  formed,  and  therefore  only  carbon  dioxide  is  evolved.  Later, 


in  addition  to  the  continuation  of  the  process  of  decomposition  of  the  acid 
salt,  the  salt  of  propiolic  acid  also  decomposes,  with  the  evolution  of  acetyl¬ 
ene. 

5)  By  the  presence  of  potassium  "bicarbonate  and  carbonate  among  the  de¬ 
composition  products.  This  is  confirmed: 

a)  by  the  evolution  of  carbon  dioxide  upon  acidification  of  the  heated 
solution  of  the  po-cassium  salt  of  propiolic  acid; 

b)  by  the  possibility  of  titrating  the  heated  solution  of  the  potas¬ 
sium  salt  of  propiolic  acid  both  in  the  presence  of  phenolphthaleln  and  of 
methyl  orange. 

•  •  SUMMARY 

•  1.  The  kinetics  of  the  decomposition  of  acetylenedicarboxylic  acid  and 
of  its  potassium  acid  salt  and  its  ethyl  acid  ester  are  reviewed. 

2.  The  stepwise  character  of  the  decomposition  of  the  potassium  acid  salt 
of  acetylenedicarboxylic  acid  has  been  determined,  and  a  sketch  of  the  steps 

in  the  decomposition  has  been  given. 

3.  A  cpmparative  analysis  hes  been  carried  out  of  the  decomposition  velocity 
of  acl?tylei3^dipar"boxyli  acid,  its  acid  ethyl  ester  and  potassium  acid  salt. 
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THE  SyNTHESItS  OF  2, 6-DICHLOROPHENOL 


P.  Dgryumov 

Tbe  :  Vo rsshi 1 07  Sslentlf is-Research  Institute 

of  organic  Intermediates  and  Dyes,  Moscow 

F.  Fisher  had  already  observed  that  in  the  chlorination  of  phenol  a  small 
amount  of  2,6-dlchlorophenol  with  b,p.  218-219*  was  obtained.  However,  he  did 
not  study  this  compound,  and  gave  it  only  a  tiny  reference  in  a  note  of  a  single 
line  [i].  More  fully  deserving  of  the  honor  of  the  discovery  of  this  compound 
was  0.  Seifart  [2],  who  chlorinated  4-nitrophenol  to  obtain  4-nitro-2,6-dichloro- 
phenol  with  m.p,  125*,  and  then,  after  reduction,  4-amino-2,6-dichlorophenol 
with  m.p.  165-166*,  and  finally,  as  a  result  of  the  diazo  reaction,  the  end  pro¬ 
duct  2,6 -dichlorophenol.  If  1  mole  of  4-hydroxybenzoic  acid  is  dissolved* in 
a  laj*ge  excess  of  catustic  potash  and  subjected  to  chlorination,  then,  as  N. 

Tarugi  [3]  showed,  only  2j6-dichlorophenol  is  formed.  When  5^5-<iichloro-4-hyd- 
roxybenzoic  acid  is  heated  with  lime,  carbon  dioxide  is  evolved  and  2,6-dichloro- 
piienol  is  formed.  A  method  for  the  decarboxylation  of  dichlorosalicylic  acid 
by  heating  with  lime  was  also  used  in  the  work  of  Zincke  A-F.Holleman  [s] 

showed  that  2,6-dlchlorophenol  is  formed  by  heating  ordinary  trichlorobenzene 
with  sodium  methylate.  The  direct  chlorination  of  phenol  gave  in  all  only  15^ 
of  the  desired  product  [s],  and  moreover,  it  can  be  isolated  only  with  diffi-  - 
culty  from  the  mixture  of  isomers.  In  order  to  obtain  better  yields  of  2,6-di- 
chlorophenol,  the  chlorination  cf  phenol  was  carried  out  over  a  period  of  2  days. 
In  the  industrial  preparation  of  4-chlorophenol  a  small  admixture  of  2,6-dichloro- 
phenol  is  always  formed.  The  separation  of  2,6-dichlorophenol  from  different 
mixtures  of  chlorophenols  has  been  described  by  Takagi  and  Ishimasa  How¬ 

ever,  all  the  methods  for  the  separation  of  2,6-dichlorophenol  from  mixtures 
with  other  chlorophenols  have  a  limited  laboratory  significance.  The  best 
yields  of  2,6-dichlorophenol  have  been  obtained  by  the  direct  chlorination  of 
phenol  derivatives.  M.  Tanaka  and  K,  Kutani  [7]  used  the  sodium  salt  of  4- 
phenolsulfonic  acid  and  dissolved  it  in  water.  Then,  at  a  temperature  below 
25*,  they  passed  gaseous  chlorine  through  it.  This  method  gave  them  2,6-di¬ 
chlorophenol  in  57.4^  yield.  In  addition  to  this,  trichlorophenol  was  formed, 
which  was  distilled  off  with  steam.  The  main  product,  the  2,6-dichlorophenol, 
after  the  trichlorophenol  had  been  removed,  distilled  over  at  205-210*.  A  broad¬ 
er  development  of  this  method  was  attained  in  the  work  of  R.C, Huston  and  A-.H. 
Neeley  [a].  If  3^5~(iichlcro-4 -hydroxybenzbic  acid  is  available,  then  the  best 
method  of  obtaining  2,6-dichlorophenol  is  the  method  of  D.C.Tarbell  and  J.W, 

Wilson  [9].  According  to  an  American  patent  [10]^  2,6-dihalogenated  phenols  “ 
may  be  prepared  by  the  dealkylation  of  4-alkyl  derivatives  in  the  presence  of  an 
alkyl  acceptor  and  an  alkylating  catalyst. 

It  is  known  that  2,6-dichlcr3phenol  has  antiseptic,  bactericidal,  and 
fungicidal  properties.  It  has  a  characteristic,  very  powerful,  penetrating  and 
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lasting  odor,  similar  to  that  of  iodoform  and  partially  similar  to  that  of  phen¬ 
ol.  Clothes  which  have  been  worn  in  laboratories  where  work  with  2,6-dichloro- 
phenol  was  carried  out.  retain  this  unpleasant  hospital  odor  for  months. 

I  based  my  own  investigation  on  the  use  of  3^ 5“<iichloro-U-hydroxybenzoic 
acid,  whose  synthesis  I  have  recently  described  [ii]. 

EXPERIMENTAL 

A  portion  of  100  g  of  3>5-dlchloro-4-hydroxybenzoic  acid  and  5OO  g  of 
quinoline  (or  dialkyl  aniline)  was  slowly  heated  on  an  oil  bath  to  190*  with  a 
reflux  condenser  for  5  hours.  ,  Then,  after  cooling,  hydrochloric  acid  was  added 
until  there  was  a  weakly  acid  reaction  to  Congo  red.  The  2,6-dichlorophenol 
which  was  formed  was  distilled  off  with  dry  steam.  The  product  precipitated 
out  of  the  distillate  in  the  cold  in  the  form  of  white  crystals.  The  precipi¬ 
tate  was  filtered  off.  The  total  yield  of  product  amounted  to  58  6*  The  quin¬ 
oline  (or  dialkyl  aniline)  was  regenerated  by  the  addition  of  caustic  alkali 
and  was  separated  in  a  separatory  funnel.  This  method,  however,  gives  smaller 
yields  than  the  laboratory  methods  described  in  the  literature. 

The  apparatus  for  the  distillation  with  dry  steam  will  be  the  subject  of 
a  separate  paper,  especially  in  view  of  the  fact  that  this  apparatus  is  suitable 
also  for  the  purification  of  technical  lactic  acid. 

The  advantage  of  this  method  of  synthesis  consists  in  the  fact  that  the 
step  of  extraction  with  ether  is. avoided,  and  therefore,  the  process  becomes 
safer  under  industrial  conditions. 

The  2,6-dlchlorophenol  obtained  was  very  soluble  in  ether  and  in  ethyl 
alcohol,  insoluble  in  water,  very  soluble  la  a  solution  of  soda.  The  product 
crystallized  from  ether  in  the  form  of  white  needles,  which  melted  at  68-69*. 

The  boiling  point  of  the  product  obtained  was  220*  at  atmospheric  pressure. 

Upon  storage,  the  crystals  acquired  a  blue  color. 

5*96  mg  substance:  9-64  mg  CO2;  1.51  mg  H26. 

5.08  mg  substance:  8,26  mg  CO2;  1’25  mg  H2O. 

5.16  mg  substance:  5 *5^  mg  AgCl. 

2.57  mg  substance:  4.19  mg  AgCl. 

■  Found  C  44.11,  44.55;  H  2.46,  2.?!; 

Cl  45. -57'.  45.73. 

C6H4OCI2.  Computed  C  44.l8;  E  2.48;  Cl  45.52. 

SUMMARY 

Starting  with  5^5-dichloro-4-hydroxybenzoic  acid,  2,6-dichlorophenol  has 
been  synthesized  by  a  simple  method. 
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